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ABSTRACT
Background

Sepsis occurs when an infection is complicated by organ failures as defined by a sequential organ failure assessment (SOFA) score of two
or higher. Sepsis may be complicated by impaired corticosteroid metabolism. Giving corticosteroids may benefit patients. The original
review was published in 2004 and was updated in 2010 and again in 2015.

Objectives

To examine the effects of corticosteroids on death at one month in patients with sepsis, and to examine whether dose and duration of
corticosteroids influence patient response to this treatment.

Search methods

We searched the Central Register of Controlled Trials (CENTRAL; 2014, Issue 10), MEDLINE (October 2014), EMBASE (October
2014), Latin American Caribbean Health Sciences Literature (LILACS; October 2014) and reference lists of articles, and we contacted
trial authors. The original searches were performed in August 2003 and in October 2009.

Selection criteria
We included randomized controlled trials of corticosteroids versus placebo or supportive treatment in patients with sepsis.
Data collection and analysis

All review authors agreed on the eligibility of trials. One review author extracted data, which were checked by the other review authors,
and by the primary author of the paper when possible. We obtained some missing data from trial authors. We assessed the methodological
quality of trials.
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Main results

We identified nine additional studies since the last update, for a total of 33 eligible trials (n = 4268 participants). Twenty-three of these
33 trials were at low risk of selection bias, 22 were at low risk of performance and detection bias, 27 were at low risk of attrition bias
and 14 were at low risk of selective reporting.

Corticosteroids reduced 28-day mortality (27 trials; n = 3176; risk ratio (RR) 0.87, 95% confidence interval (CI) 0.76 to 1.00; P value
= 0.05, random-effects model). The quality of evidence for this outcome was downgraded from high to low for imprecision (upper
limit of 95% CI = 1) and for inconsistency (significant heterogeneity across trial results). Heterogeneity was related in part to the dosing
strategy. Treatment with a long course of low-dose corticosteroids significantly reduced 28-day mortality (22 trials; RR 0.87, 95% CI
0.78 to 0.97; P value = 0.01, fixed-effect model). The quality of evidence was downgraded from high to moderate for inconsistency
(owing to non-significant effects shown by one large trial). Corticosteroids also reduced mortality rate in the intensive care unit (13
trials; RR 0.82, 95% CI 0.68 to 1.00; P value = 0.04, random-effects model) and at the hospital (17 trials; RR 0.85, 95% CI 0.73 to
0.98; P value = 0.03, random-effects model). Quality of the evidence for in-hospital mortality was downgraded from high to moderate
for inconsistency and imprecision (upper limit of 95% CI for RR approaching 1). Corticosteroids increased the proportion of shock
reversal by day seven (12 trials; RR 1.31, 95% CI 1.14 to 1.51; P value = 0.0001) and by day 28 (seven trials; n = 1013; RR 1.11, 95%
CI 1.02 to 1.21; P value = 0.01) and reduced the SOFA score by day seven (eight trials; mean difference (MD) -1.53, 95% CI -2.04
to -1.03; P value < 0.00001, random-effects model) and survivors’ length of stay in the intensive care unit (10 trials; MD -2.19, 95%
CI -3.93 to -0.46; P value = 0.01, fixed-effect model) without inducing gastroduodenal bleeding (19 trials; RR 1.24, 95% CI 0. 92 to
1.67; P value = 0.15, fixed-effect model), superinfection (19 trials; RR 1.02, 95% CI 0.87 to 1.20; P value = 0.81, fixed-effect model)
or neuromuscular weakness (three trials; RR 0.62, 95% CI 0.21 to 1.88; P value = 0.40, fixed-effect model). Corticosteroid increased
the risk of hyperglycaemia (13 trials; RR 1.26, 95% CI 1.16 to 1.37; P value < 0.00001, fixed-effect model) and hypernatraemia (three
trials; RR 1.64, 95% CI 1.28 to 2.09; P value < 0.0001, fixed-effect model).

Authors’ conclusions

Opverall, low-quality evidence indicates that corticosteroids reduce mortality among patients with sepsis. Moderate-quality evidence
suggests that a long course of low-dose corticosteroids reduced 28-day mortality without inducing major complications and led to an
increase in metabolic disorders.

PLAIN LANGUAGE SUMMARY

Corticosteroids for treating sepsis

Review question

We reviewed the evidence on effects on survival at one month and on tolerance of systemic corticosteroids in people with sepsis.
Background

Sepsis, the most severe form of infection, is present when a site of infection is apparent and evidence suggests body-wide, systemic
inflammation and organ failures. The person develops poor temperature control, an increase or decrease in white blood cells, an increase
in heart rate and rapid breathing. Sepsis can interfere with effectiveness of the body’s own corticosteroids, which serve as key defence
hormones against infection. Corticosteroids have been given for more than 60 years to people with severe infection resulting from

various causes.

Search date

The evidence provided in this review was current to October 2014.
Study characteristics

This review included a total of 33 randomized controlled trials, accounting for 4268 hospitalized patients with sepsis. Three trials
included children, and the remaining 30 trials included only adults. Corticosteroids were compared with placebo in all except five trials,
in which they were compared with standard therapy alone.

Study funding sources

Corticosteroids for treating sepsis (Review) 2
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Ten out of 33 trials were funded by a drug company, 13 were funded by public organizations or received charitable funding and 10
stated no source of funding.

Key results

Corticosteroids reduced risk of death at 28 days by 13% (among 27 trials, 3176 participants). Both intensive care unit (ICU) and in-
hospital deaths were reduced (13 and 17 trials, respectively). The review found that survival benefits were dependent on the dose of
corticosteroids - the lower the dose (less than 400 mg of hydrocortisone or equivalent per day) for a longer duration of treatment (three
or more days at the full dose) the better - and on the severity of illness. Corticosteroids increased the chance of recovery from septic
shock by day seven (when drugs are required to support blood pressure) by 31% (from 12 trials) and and decreased the number of
organs that were not functioning properly (organ failure) (from eight trials). Length of stay in the ICU was reduced by more than two
days (10 trials). Corticosteroids did not cause harm, except for a mild increase in blood glucose and salt (sodium) levels (13 and three
trials, respectively). Gastrointestinal bleeding and infection (19 trials) and neuromuscular weakness (three trials) were not increased.

We found sparse data on effects of corticosteroids in children with sepsis.
Quality of evidence

We judged the quality of evidence for 28-day mortality as low because of imprecision (the confidence interval of the statistical result
approached no change) and inconsistency across trials. These findings were related in part to differences among study populations,
type of corticosteroid given, dose and duration of treatment and use of additional interventions. The quality of evidence for 28-day
mortality in the subgroup given a long course of low-dose corticosteroids was downgraded from high to moderate because one of the
two largest trials on a long course of low-dose corticosteroids reported no survival benefit.

Corticosteroids for treating sepsis (Review) 3
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SUMMARY OF FINDINGS FOR THE MAIN COMPARISON [Explanation]

Steroids versus control for treating sepsis

Patient or population: patients with sepsis
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Settings:

Intervention: steroids vs control

Outcomes Illustrative comparative risks* (95% Cl) Relative effect Number of participants Quality of the evidence Comments
(95%Cl) (studies) (GRADE)

Assumed risk Corresponding risk

Control Steroids vs control
28-Day all-cause mor- Study population RR0.87 3176 DDOO Trials were conducted
tality (0.76to 1) (27 studies) Lowa:b overaperiod from 1976
Follow-up: 14 to 30 to 2015. Differences
days in participant manage-

ment and in the defini-
318 per 1000 276 per 1000 tion of sepsis were sub-
(24110 318) stantial <BR/>18 trial

28-Day all-cause mor- Study population RR0.87 2266 SDBO Meta-regression analy-
tality by subgroups (0.78 t0 0.97) (22 studies) Moderate sis also showed evi-
based on treatment dence of a dose re-
dose/duration - long sponse: Low doses
course of low-dose were associated with
corticosteroids better treatment re-
Follow-up: 14 to 30 321 per 1000 279 per 1000 sponse
days (250 to 311)
Hospital mortality Study population RR0.85 2014 DODO Low doses of corti-
Follow-up: 14 to 365 (0.73t0 0.98) (17 studies) Moderate®-< costeroids were asso-

days

ciated with better treat-
ment response
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413 per 1000

351 per 1000

(302 to 405)
Number of participants Study population RR1.31 1561 PODD Low doses of corti-
with shock reversal at (1.14to 1.51) (12 studies) High costeroids were asso-
day 7 523 per 1000 685 per 1000 ciated with better treat-
Follow-up: 7 to 28 days (596 to 790) ment response
SOFA score at day 7 Mean SOFA score at 1132 SDDD Observed reduction in
Follow-up: 7 days day 7 in intervention (8 studies) High SOFA score was of
groups was a magnitude that ex-
1.53 lower ceeded any reduction
(2.04 to 1.03 lower) seen with any other
treatment for sepsis
Length of ICU stay for Mean length of ICU stay 778 SDDD Observed reduction in
survivors for survivors in inter- (10 studies) High length of ICU stay was
Follow-up: 14 to 365 vention groups was of a magnitude that ex-
days 2.19 lower ceeded any reduction
(3.93t0 0.46 lower) seen with any other
treatment for sepsis
Length of hospital stay Mean length of hospital 710 SDDO Observed reduction in
for survivors stay for survivors in in- (9 studies) Moderatec length of hospital stay
Follow-up: 14 to 365 tervention groups was was of a magnitude
days 4.11 lower that exceeded any re-
(8.5 lower to 0.28 duction seen with any
higher) other treatment for sep-
sis
Number of participants Study population RR1.02 2567 OODD One large trial sug-
with adverse events - (0.87 to 1.2) (19 studies) High gestedincreased risk of

superinfections
Follow-up: 14 to 90
days

new sepsis with corti-
costeroids
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161 per 1000

164 per 1000
(140 to 193)

Number of participants Study population
with adverse events -

hyperglycaemia

Follow-up: 14 to 90

days

RR 1.26
(1.16 10 1.37)

348 per 1000

438 per 1000
(403 to 476)

2081
(13 studies)

OO0
High

Onetrial suggested that
risk of hyperglycaemia
was lower when corti-
costeroids were given
as a continuous per-
fusion than when they
were given as an intra-
venous bolus

*The basis for the assumed risk is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison group and
the relative effect of the intervention (and its 95% Cl)

Cl: Confidence interval; RR: Risk ratio

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate
Very low quality: We are very uncertain about the estimate

“Quality of evidence was downgraded by 1 point owing to some inconsistency; 1 of the 2 largest trials showed no survival

benefit

bQuality of evidence was downgraded by 1 point owing to potential publication bias; some asymmetry was noted in the funnel

plot

¢Quality of evidence was downgraded by 1 point for imprecision, and the upper limit of the confidence interval approached 1



BACKGROUND

Description of the condition

Sepsis occurs when a site of infection is apparent and evidence
shows body-wide, systemic inflammation. Systemic inflammation
is usually defined by two or more criteria: fever or low body tem-
perature, an increase or decrease in white blood cells, an increase in
heart rate and rapid breathing (ACCP/SCCM 1992; Bone 1991).
Severe sepsis is diagnosed when sepsis is associated with organ fail-
ure or hypoperfusion. Septic shock is reported when severe sep-
sis is combined with a fall in systemic blood pressure that does
not improve even when healthcare staff give intravenous fluids.
Discussion among the scientific community reveals the need for a
more pragmatic definition, such as sepsis corresponding to infec-
tion combined with organ failure or hypoperfusion, or septic shock
corresponding to vasopressor-dependent sepsis (Vincent 2013). A
task force set up by the Society of Critical Care Medicine and the
European Society of Intensive Care Medicine recently introduced
a new definition of sepsis and septic shock (Singer 2015). Sepsis is
seen when an infection is complicated by organ failures, as defined
by a sequential organ failure assessment (SOFA) score (Vincent
1996) of two or higher. Septic shock is noted when infection is
complicated by hypotension that requires use of vasopressor ther-
apy while lactate levels are increased to above 2 mmol/L. Current
incidence of sepsis in industrialized countries ranges from 50 to
100 cases per 100,000 population, with short-term mortality of
20% to 50% (Annane 2003; Finfer 2004; Martin 2003; Padkin
2003; The EPISPESIS Group 2004). People usually die from hy-
potension or from progressive multiple organ failure (Angus 2013;
Annane 2005; Parrillo 1993).

Description of the intervention

Corticosteroids include the natural steroid hormones produced
by adrenocortical cells and a broad variety of synthetic analogues.
These substances have various effects that may be grossly classified
into glucocorticoid and mineralocorticoid effects. Glucocorticoid
effects include mainly regulation of carbohydrates, lipids and pro-
teins metabolism, as well as regulation of inflammation. Mineralo-
corticoid effects include mainly regulation of electrolytes and wa-
ter metabolism. At molecular levels, glucocorticoids have non-ge-
nomic and genomic effects. Rapid (within minutes) non-genomic
effects of glucocorticoids include a decrease in platelet aggregation,
in cell adhesion and in intracellular phosphotyrosine kinases, and
they include an increase in annexin 1 externalization (Lowenberg
2005). These effects may result from interaction of glucocorti-
coids with specific membrane sites (Norman 2004). Glucocorti-
coids have indirect genomic effects, called transrepression (Rhen
2005). These occur within a few hours following exposure of cells
to glucocorticoids. They result from physical interaction between

the monomeric glucocorticoid-glucocorticoid receptor (G-GR) o
complex and various nuclear transcription factors, such as nuclear
factor (NF)-« B and activator protein (AP)-1. Subsequently, these
nuclear transcription factors are sequestrated in the cytosol and
cannot enter the nucleus, preventing expression of genes encoding
for most if not all pro-inflammatory mediators. Glucocorticoids
also have direct genomic effects, called transactivation. They re-
quire only a few days of cell exposure to glucocorticoids. Indeed,
conformational changes (i.e. dimerization of the G-GRa com-
plex) are needed before this complex can migrate to the nucleus
to interact with glucocorticoid-responsive elements, that is, parts
of genes encoding for regulators of termination of inflammation.
Then, key anti-inflammatory factors are up-regulated, leading to
phagocytosis, chemokinesis and anti-oxidative processes. The net
effect of glucocorticoids involves reprogramming rather than in-
hibiting immune cell function (Erschen 2007). Glucocorticoids
induce specific activated anti-inflammatory monocyte subtypes
that migrate quickly to inflamed tissues (Varga 2008). They pro-
longed survival of this subtype of monocytes via A3 adenosine re-
ceptor-triggered anti-apoptotic effects (Barczyk 2010). Obviously,
these molecular mechanisms of action of glucocorticoids are ap-
propriate for counteracting the uncontrolled inflammation that
may characterize sepsis.

How the intervention might work

Researchers have explored the biological mechanisms of sepsis
to explore potential interventions. Corticosteroids have been a
topic of particular focus because of their influence on the immune
response. In sepsis, the hypothalamic-pituitary gland hormonal
pathway to the adrenal glands stimulates corticosteroid produc-
tion (Chrousos 1995; Cooper 2003). These hormones affect in-
flammation through production of white blood cells, cytokines
(proteins that influence the immune response) and nitric oxide.
In sepsis, cytokines may suppress adrenocorticotropin hormone
synthesis (Polito 2011; Sharshar 2003) and the cortisol response
to exogenous adrenocorticotropin hormone (Hotta 1986; Jaattela
1991). Likewise, sepsis may be associated with alterations in scav-
enger receptor Bl-mediated cholesterol delivery (Cai 2008). This
causes poor adrenal activity in almost half of patients (Annane
2000; Lipiner 2007; Marik 2008; Rothwell 1991) and possible
resistance of body tissues to corticosteroids (Meduri 1998a) due
to fewer corticosteroid receptors or receptors with lower affinity
(Barnes 1995; Huang 1987; Molijn 1995). Alteration in corticos-
teroid receptor numbers and in binding capacity may be related at
least in part to nitric oxide (Duma 2004; Galigniana 1999). Recent
works suggest that immune cells - not steroid-secreting cells - are
key regulators of the interaction between the immune sytem and
the adrenals (Kanczkowski 2013). In addition, acute illness such
as sepsis may be associated with decreased cortisol clearance from
plasma (Boonen 2013; Melby 1958), likely resulting from altered
hepatic and renal inactivation of cortisol (Boonen 2013), Early
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studies showed that a pharmacological dose of corticosteroids pro-
longed survival among animals with sepsis (Fabian 1982). More
recent studies in rodents have demonstrated that lower doses of
corticosteroids, for example, 0.1 mg/kg of dexamethasone, im-
proved haemodynamic and organ function, favourably modulated
the inflammatory response and prolonged survival (di Villa Bianca
2003; Heller 2003; Tsao 2004; Vachharajani 2006). Protective ef-
fects of these glucocorticoids against sepsis may be mediated in
part by the endothelial glucocorticoid receptor (Goodwin 2013).
In healthy volunteers challenged with endotoxin, a low dose of
corticosteroids, for example, 10 mg of prednisolone, blocked the
release of pro-inflammartory cytokines, prevented endothelial cell
and neutrophil activation and inhibited the acute phase response
without altering coagulation and fibrinolysis balance (de Kruif
2007). Studies in patients with septic shock showed that a short
course of corticosteroids may result in a rebound in the systemic
inflammatory response (Briegel 1994; Keh 2003). In addition, itis
now recognized that increased pro-inflammatory cytokine release
can be sustained for longer than a week in patients with sepsis
(Kellum 2007). Likewise, timing of initiation of corticosteroids
may be an important factor in response to treatment. Indeed, in
observational studies, short-term mortality increased with delayed
initiation of hydrocortisone (Katsenos 2014; Park 2012). For these
reasons, we would anticipate that corticosteroid treatment is ben-
eficial for patients with sepsis, and that differences in dose, timing
or duration of steroid treatment may differentially affect patient
response to treatment.

Why it is important to do this review

Initially, researchers used high doses of corticosteroids, usually
given as a single bolus, in an attempt to block potential bursts in
pro-inflammatory cytokines. Two systematic reviews and meta-
analyses of trials of corticosteroids in sepsis or in septic shock in-
cluded 10 (Lefering 1995) and nine (Cronin 1995) randomized
controlled trials, respectively. These systematic reviews showed no
significant difference in relative risk of death, and no significant
increase in risk of gastrointestinal bleeding or superinfection asso-
ciated with corticosteroids.

Subsequently, most clinicians will not recommend use of high
doses of corticosteroids in sepsis. However, this review covered
a period from 1966 to 1993 and did not exclude potential ben-
efits of a lower dose (< 300 mg of hydrocortisone or equiva-
lent per day) and a longer duration at full dose (> three days)
of treatment, as investigated in randomized controlled trials over
the past two decades (Annane 2002; Arabi 2011; Bollaert 1998;
Briegel 1999; Chawla 1999; Cicarelli 2007; Confalonieri 2005;
Gordon 2014; Hu 2009; Huh 2007; Keh 2003; Liu 2012; Meduri
20075 Meijvis 2011; Mikami 2007; Oppert 2005; Rezk 2013;
Rinaldi 2006; Sabry 2011; Snijders 2010; Tandan 2005; Torres
2015; Valoor 2009; Yildiz 2002; Yildiz 2011). Among these trials,
the two largest yielded different findings (Annane 2002; Sprung

2008). In one study, the combination of hydrocortisone and flu-
drocortisone given at low doses for one week was associated with
reduced duration of shock and of organ failure and reduced mor-
tality among patients with septic shock, and a blunted response to
corticotrophin was reported (Annane 2002). In the second trial,
hydrocortisone was given alone for five days and was tapered off
over six additional days (Sprung 2008). This trial found signifi-
cant reduction in duration and intensity of shock and organ failure
showed no survival benefit. In addition to differences in treatment
modalities, major discrepancies between these trials (Annane 2002
vs Sprung 2008) included differences in routine practices at the
time these studies were conducted (no vs broad use of corticos-
teroids in sepsis), differences in severity of illness (high vs low base-
line risk of death) and differences in populations (mostly medical
intensive care unit (ICU) patients with lung infection vs mostly
surgical ICU patients with abdominal infection). Thereafter, in-
ternational guidelines have suggested that corticosteroids should
be used only in patients with septic shock who are poorly respon-
sive to fluid replacement and vasopressor therapy (Dellinger 2008;
Dellinger 2013).

We therefore aim to systematically review the effects of corticos-
teroids in patients with sepsis.

OBJECTIVES

To examine the effects of corticosteroids on death at one month
in patients with sepsis, and to examine whether dose and duration
of corticosteroids influence patient response to this treatment.

METHODS

Criteria for considering studies for this review

Types of studies

We included randomized controlled trials (RCTs) with or without
blinding.

Types of participants

We included children and adults with sepsis defined by the fol-
lowing criteria (ACCP/SCCM 1992; Vincent 2013).

e Documented infection defined as culture or Gram stain of
blood, sputum, urine or normally sterile body fluid that is
positive for a pathogenic micro-organism; or a focus of infection
identified by visual inspection (e.g. ruptured bowel with the
presence of free air or bowel contents in the abdomen found at
the time of surgery; wound with purulent drainage); and

Corticosteroids for treating sepsis (Review)
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e At least two symptoms of a systemic inflammatory response
syndrome, such as fever (body temperature > 38°C) or
hypothermia (< 36°C), tachycardia (> 90 beats per minute),
tachypnoea (> 20 breaths per minute) or hyperventilation
(arterial carbon dioxide tension (PaCO;) < 32 mm Hg) and
abnormal white blood cell count (> 12,000 cells/mL or < 4000
cells/mL) or more than 10% immature band of neutrophils; and

o Atleast one sign of organ dysfunction, that is, metabolic
acidosis, arterial hypoxaemia (arterial oxygen tension [PaO,]:
fractional inspired oxygen [FiO,] < 250 mm Hg), oliguria (< 30
mL/h for > three hours), coagulopathy or encephalopathy; and

e Septic shock defined by a combination of these criteria and
the presence of hypotension (persisting systolic arterial pressure <
90 mm Hg) that is refractory to fluid resuscitation and requires
vasopressor support, that is, more than 5 pg/kg of body weight
per minute of dopamine or any dose of epinephrine or
norepinephrine.

We included data from trials of acute respiratory distress syndrome
(ARDS) when separate data were available for participants with
sepsis, or when contact with study authors resulted in provision

of the data.

Types of interventions

Intervention

Systemic treatment with any type of corticosteroid preparation
(e.g. cortisone, hydrocortisone, methylprednisolone, betametha-
sone, dexamethasone).

Low-dose corticosteroid was defined by a total dose per day of 400
mg or less of hydrocortisone (or equivalent); otherwise the dose
of corticosteroid would be considered as high. A long course for
the intervention was defined by a full-dose treatment duration of
three or more days; otherwise treatment was considered as a short

course.

Control

Standard therapy (which may have included antibiotics, fluid re-
placement, inotropic or vasopressor therapy, mechanical ventila-
tion or renal replacement therapy) or placebo.

Types of outcome measures

Primary outcomes

e 28-Day all-cause mortality.

Indeed, this was the primary outcome measure in most of the RCTs
on sepsis conducted since 1992 (Annane 2009b). Most studies
performed before 1992 looked at 14-day or hospital mortality
rates. We used these data to compute the pooled analysis on 28-

day mortality, unless we could obtain actual 28-day mortality rates
from study authors.

Secondary outcomes

o ICU mortality.

e Hospital mortality.

e Number of participants with shock reversal (as defined by
stable haemodynamic status > 24 hours after withdrawal of
vasopressor therapy) at day seven and at day 28.

e Number of organs affected and severity of organ
dysfunction at day seven, as measured by the sequential organ
failure assessment (SOFA) score (Vincent 1996).

e Length of stay in the ICU (for all participants and for
survivors only).

o Length of hospital stay (for all participants and for survivors
only).

o Adverse events (i.e. gastrointestinal bleeding and
superinfection or any other adverse effects or complications of
corticosteroid treatment).

Search methods for identification of studies

We attempted to identify all relevant studies regardless of lan-
guage or publication status (published, unpublished, in press, in
progress).

Electronic searches

We originally searched the Cochrane Infectious Diseases Group
Trials Register for relevant trials (to August 2003) using the search
terms ‘sepsis’ and ’septic shock’. Full details on the methods of the
Cochrane Infectious Diseases Group and of the journals hand-
searched are published in The Cochrane Library in the section on
Cochrane Review Groups.

In this updated version, we searched the Cochrane Central Register
of Controlled Trials (CENTRAL; 2014 Issue 10) using the search
terms ’sepsis’, ‘septic shock’, steroids’ and *corticosteroids’ (for the
detailed search strategy, see Appendix 1).

We also searched (up to October 2014) MEDLINE, EMBASE and
Latin American Caribbean Health Sciences Literature (LILACS)
using the topic search terms in combination with the search
strategy for identifying trials developed by The Cochrane Col-
laboration (Higgins 2011). (For detailed search strategies, see
Appendix 2 (MEDLINE), Appendix 3 (EMBASE) and Appendix
4 (LILACS)).

Searching other resources

We checked the reference lists of all trials identified by these meth-
ods, and we contacted study authors to request additional pub-
lished or unpublished data. We also searched the proceedings of

annual meetings of major critical care medicine symposia, that
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is, Society of Critical Care Medicine, American Thoracic Soci-
ety, International Symposium on Intensive Care and Emergency
Medicine, American College of Chest Physicians and European
Society of Intensive Care Medicine (1998 to 2014).

Finally, we searched for ongoing RCTs (October 2014) in the
metaRegister of Controlled Trials using the search terms ’sep-
tic shock’, ’sepsis’, steroids’, "corticosteroids’, "adrenal cortex hor-
mones’ and ’glucocorticoids’ (www.controlled-trials.com/mrct/
active).

Data collection and analysis

Selection of studies

All review authors checked the titles and abstracts identified dur-
ing the search. All review authors examined in full any trial that
potentially met the inclusion criteria. Five review authors (Djillali
Annane, Pierre Edouard Bollaert, Josef Briegel, Didier Keh and
Yizhak Kupfer) evaluated all trials, except those in which they had
participated. We decided which trials fitted the inclusion criteria
and graded their methodological quality. We resolved disagree-
ments between the five review authors by discussion with the sixth
review author (Eric Bellissant) until consensus was reached. One
review author (Djillali Annane) contacted study authors for clari-
fication, when necessary.

Data extraction and management

One review author (DA) drew up a standard data extraction form,
and four other review authors (PEB, JB, DK, YK) amended and
validated the design of the form before data abstraction. Four re-
view authors (DA, PEB, JB, DK) independently extracted data,
except those from trials in which they had participated. One re-
view author (DA) systematically contacted the authors of trials
to request missing data when possible. One review author (DA)
entered (DA secretary independently reentered all data to achieve
a double entry) the data into the computer, and five review au-
thors (EB, PEB, JB, DK, YK) checked the accuracy of data entered
against the original articles.

Assessment of risk of bias in included studies

We assessed risk of bias within individual trials as recommended
by the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011). We considered the following domains: selection
bias, performance bias, detection bias, attrition bias, reporting bias
and any other bias. We judged selection bias on the basis of how
the random sequence was generated and how allocation was con-
cealed. We judged performance bias and detection bias on the ba-
sis of who was blinded and how, among participants, care-givers,
pharmacists, data collectors, outcome assessors and data analysts
(Devereaux 2001). In judging attrition bias, we considered how

many (and the reasons why) participants were lost to follow-up
or were not included in analyses. When available, we compared
outcomes reported in trial protocols versus actual results reported,
to identify potential selective reporting bias. We resolved disagree-
ments between the five review authors by discussion with the sixth
review author (EB) until consensus was reached. One review au-
thor (DA) contacted study authors for clarification, when neces-
sary.

Measures of treatment effect

e We performed intention-to-treat (ITT) analyses. We
performed all statistical calculations using RevMan 5 or STATA/
IC version 10.1 (Stata Corp, College Station, Texas) as
appropriate.

e We calculated a weighted treatment effect across trials. We
expressed results as risk ratios (RRs) with 95% confidence
intervals (Cls) for dichotomous outcomes, and as mean
differences (MDs, 95% ClIs) for continuous outcomes.

Unit of analysis issues

In this review, we used data from trials in which the unit of ran-
domization was an individual, and in which parallel groups were
designed. For events that may occur repeatedly, such as receiving
vasopressor therapy, we used only the first occurrence of the event.

Dealing with missing data

We systematically tried to contact primary authors of original trials
to obtain missing information and unpublished data.

Assessment of heterogeneity

We considered that evidence for significant heterogeneity was
present when 12 > 30%.

Assessment of reporting biases

We sought evidence of publication bias by using the funnel plot
method. We used STATA/IC version 10.1 (Stata Corp, College
Station, Texas) to prepare a contour-enhanced funnel plot (Peters
2008). This graphical analysis used the log of the RR and the
standard error of the RR. We plotted contours illustrating the
statistical significance of study effect estimates by using a two-
tailed test.

Data synthesis

We considered methods based on the random-effects model for
all analyses, except when we found no evidence for significant
heterogeneity in the results. Indeed, we suspected that we would
observe heterogeneity across studies, as they were conducted over
a wide period of time (almost half a century between first and
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last trials) and the rationale on which studies were designed varied
greatly over time, with marked differences in treatment strategies
and in populations between studies conducted before and after
the early 90s.

Subgroup analysis and investigation of heterogeneity

e To identify potential sources of heterogeneity, we sought a
priori to conduct a subgroup analysis based on 'dose and
duration’, that is, a long course (three or more days) of low-dose
(< 400 mg/d) hydrocortisone or equivalent. This subgroup
analysis allowed evaluation of a strategy based on developments
in our understanding of the role of corticosteroids in host
response to sepsis, as tested in trials performed after 1992. Older
trials used a short course (one to four bolus doses within 24
hours) of high-dose corticosteroids (> 400 mg of hydrocortisone
or equivalent) as an anti-inflammatory approach, and trials
conducted after 1992 used low-dose corticosteroids at full dose
over a longer period (> three days). To further explore the
putative interaction between corticosteroid dose and duration
and the magnitude of effect, we considered performing a meta-
regression analysis using 28-day all-cause mortality as the
dependent variable, and dosage and duration of corticosteroids
as predictors. We performed meta-regression analyses using
STATA/IC version 10.1 (Stata Corp, College Station, Texas). We
also tested a priori the interaction between baseline severity of
illness and magnitude of effect in a meta-regression analysis
using mortality rates in controls as predictors. Finally, we
conducted a subgroup analysis based on targeted population,
sepsis, only septic shock, sepsis with ARDS, community-
acquired pneumonia and sepsis with critical illness-related
corticosteroid insufficiency (Marik 2008).

o We assessed the validity of subgroup analyses (based on
treatment modalities, i.e. dose and duration, or on population)
on the basis of the following criteria: (1) subgroup comparisons
within studies rather than between studies; (2) hypothesis
preceding the analysis; (3) one of very few hypotheses; (4) large
and consistent differences across studies; and (5) external
evidence supporting the results (Guyatt 2008b). When subgroup
analyses met these criteria and were found to be statistically
significant, we applied GRADE (Grades of Recommendation,
Assessment, Development and Evaluation) criteria to evaluate
the quality of evidence (Guyatt 2008a).

Sensitivity analysis

We conducted sensitivity analyses for generation of allocation se-
quence, concealment of allocation and blinding.

Assessment of quality of evidence using GRADE and
selection of outcomes for ’Summary of findings’
tables

For assessments of the overall quality of evidence for each outcome
that included pooled data from RCTs only, we downgraded the
evidence from "high quality’ by one level for serious (or by two for
very serious) study limitations (according to risk of bias evalua-
tion), indirectness of evidence, serious inconsistency (i.e. when I?
statistic > 30%), imprecision of effect estimates (large 95% confi-
dence intervals or small treatment effects) or potential publication
bias. Data from observational studies were first determined to be
of low quality.
We exported data from Review Manager to GRADE profiler
(GRADEpro version 3.6) to create ’'Summary of findings tables.
We included the following patient-centred outcomes in the ’Sum-
mary of findings table.

e 28-Day all-cause mortality.

e 28-Day all-cause mortality for long courses of low-dose
corticosteroids.

In-hospital all-cause mortality.

Number of participants with shock reversal at day seven.
Sepsis-related organ failure assessment score at day seven.
Length of stay in the ICU for survivors.

Number of participants with superinfection within 28 days.

RESULTS

Description of studies

Results of the search

Our search results are detailed in Figure 1.
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Figure I.
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The search strategy yielded 47 RCTs that evaluated corticosteroids
in sepsis.

Included studies

Since the last update in 2010 (see Published notes), we have in-
cluded nine additional trials for a total of 33 trials (n = 4268 par-
ticipants) and have described them below (see Characteristics of
included studies).

Source of information

In addition to the data extracted from these publications, we
obtained unpublished information from 19 trials by contact-
ing the primary authors (Annane 2002; Annane 2010; Arabi
2011; Bollaert 1998; Briegel 1999; Chawla 1999; Cicarelli 2007;
Confalonieri 2005; Gordon 2014; Keh 2003; Meduri 2007;
Meijvis 2011; Oppert 2005; Rinaldi 2006; Sprung 1984; Sprung

2008; Tandan 2005; Torres 2015; Yildiz 2002) (Appendix 5). In
four cases, contact with study authors did not lead to provision
of additional information (Luce 1988; Meijvis 2011; Rezk 2013;
Snijders 2010).

Trial centres

Eleven trials were multi-centre trials (i.e. > two centres) (Annane
2002; Annane 2010; Bone 1987; Confalonieri 2005; CSG 1963;
Gordon 2014; Meduri 2007; Sabry 2011; Sprung 2008; Torres
2015; VASSCSG 1987).

Age of participants

One study enrolled both children and adults (CSG 1963). Two
trials included only children (Slusher 1996; Valoor 2009). All re-

maining trials included only adults.
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Description of participants

Seven trials included both participants with sepsis and individu-
als with septic shock (Bone 1987; Liu 2012; Luce 1988; Slusher
1996; VASSCSG 1987; Yildiz 2002; Yildiz 2011). One trial in-
cluded participants with sepsis (Rinaldi 2006). Five trials targeted
participants with community-acquired pneumonia-related sepsis
(Confalonieri 2005; Meijvis 2011; Sabry 2011; Snijders 2010;
Torres 2015). Three trials focused on participants with ARDS
and sepsis (Liu 2012; Meduri 2007; Rezk 2013). The remaining
trials focused only on participants with septic shock treated by a
vasopressor (Annane 2002; Annane 2010; Arabi 2011; Bollaert
1998; Briegel 1999; Chawla 1999; Cicarelli 2007; CSG 1963;
Gordon 2014; Hu 2009; Huh 2007; Keh 2003; Oppert 2005
Schumer 1976; Sprung 1984; Sprung 2008; Tandan 2005; Valoor
2009). Two trials included only participants with septic shock with
adrenal insufficiency as defined by a cortisol increment less than
9 pg/dL after a corticotropin bolus (Huh 2007; Tandan 2005).
In 10 trials, investigators systematically performed a short corti-
cotropin test at baseline (Annane 2002; Annane 2010; Arabi 2011;
Bollaert 1998; Huh 2007; Meduri 2007; Oppert 2005; Tandan
2005; Sprung 2008; Yildiz 2011).

Control

Two studies did not use a placebo and compared corticosteroid
therapy versus standard therapy, that is, antibiotics, fluid resusci-
tation and vasopressor when needed (Hu 2009; Rinaldi 2006). In
one study, only one centre used a placebo (Sprung 1984). One
trial that compared hydrocortisone versus hydrocortisone plus flu-
drocortisone did not use a placebo of fludrocortisone for techni-
cal reasons (Annane 2010). Another trial compared duration of
hydrocortisone treatment (i.e. three vs seven days) and did not
use a placebo (Huh 2007). In the remaining trials, corticosteroid
therapy was compared with placebo.

Corticosteroid dose and treatment course

Eighteen trials tested the effects of long-course (three or more days
at full dose) of low-dose hydrocortisone (Annane 2002; Annane
2010; Arabi 2011; Bollaert 1998; Briegel 1999; Chawla 1999;
Confalonieri 2005; Gordon 2014; Hu 2009; Huh 2007; Keh
2003; Liu 2012; Oppert 2005; Rinaldi 2006; Sabry 2011; Sprung
2008; Tandan 2005; Valoor 2009). In one trial (Huh 2007), in-
vestigators compared hydrocortisone 50 mg intravenously every
six hours when given for three days versus seven days. Another trial
compared seven-day treatment with hydrocortisone versus seven-
day treatment with the combination of hydrocortisone plus flu-
drocortisone (Annane 2010). One trial compared a short course
(two days at full dose) of low-dose (300 mg on day one and 250
mg on day two) intravenous hydrocortisone (CSG 1963). Another
study used a cross-over design to compare a three-day course of
low-dose hydrocortisone versus placebo (Keh 2003).

Three trials tested effects of a long course of low-dose prednisolone
(Snijders 2010; Yildiz 2002; Yildiz 2011).

Two trials tested effects of along course of low-dose dexamethasone
(Cicarelli 2007; Meijvis 2011). Another trial tested effects of a
short course of low-dose dexamethasone (Slusher 1996).

Three studies tested effects of a long course of low-dose intravenous
methylprednisolone (Meduri 2007; Rezk 2013; Torres 2015).
Five trials tested effects of a short course of a large dose of methyl-
prednisolone (Bone 1987; Luce 1988; Schumer 1976; Sprung
1984; VASSCSG 1987), and two tested effects of dexamethasone
(Schumer 1976; Sprung 1984).

Outcomes

Nineteen trials explicitly reported 28-day mortality rates (Annane
2002; Annane 2010; Arabi 2011; Bollaerc 1998; Briegel 1999;
Chawla 1999; Cicarelli 2007; Confalonieri 2005; Gordon 2014;
Huh 2007; Liu 2012; Meijvis 2011; Oppert 2005; Snijders 2010;
Sprung 2008; Tandan 2005; Valoor 2009; Yildiz 2002; Yildiz
2011). For three trials, contact with the primary author of the
paper led to recording of 28-day mortality rates (Meduri 2007;
Rinaldi 2006; Sprung 1984). Two trials reported only 14-day mor-
tality rates (Bone 1987; VASSCSG 1987). Five trials reported only
hospital mortality rates (CSG 1963; Luce 1988; Schumer 1976;
Slusher 1996; Torres 2015). One trial did not report mortality
rates (Keh 2003). For one trial, the time point for mortality rate
was unclear and remained unclear after contact with the trial pri-
mary author (Rezk 2013).

Eleven trials explicitly reported ICU mortality rates (Annane
2002; Annane 2010; Arabi 2011; Bollaerc 1998; Briegel 1999;
Confalonieri 2005; Gordon 2014; Hu 2009; Meduri 2007; Sabry
2011; Sprung 2008), and the primary authors of three additional
trials provided this outcome (Chawla 1999; Rinaldi 2006; Torres
2015).

Hospital mortality rates were available for 20 trials (Annane 2002;
Annane 2010; Arabi 2011; Bollaert 1998; Briegel 1999; Chawla
1999; Confalonieri 2005; CSG 1963; Gordon 2014; Luce 1988;
Meduri 2007; Meijvis 2011; Rinaldi 2006; Schumer 1976; Slusher
1996; Sprung 1984; Sprung 2008; Tandan 2005; Torres 2015;
Yildiz 2002).

Twelve trials reported the rate of shock reversal at day seven (
Annane 2002; Arabi 2011; Bone 1987; Bollaert 1998; Briegel
1999; Chawla 1999; Gordon 2014; Hu 2009; Oppert 2005; Sabry
2011; Sprung 1984; Sprung 2008), and eight trials (Annane 2002;
Bollaert 1998; Briegel 1999; Chawla 1999; Gordon 2014; Huh
2007; Sprung 2008; Tandan 2005) the rate of shock reversal at
day 28.

Nine trials reported the numbers of dysfunctional organs at seven
days, that is, SOFA scores (Annane 2002; Annane 2010; Arabi
2011; Cicarelli 2007; Gordon 2014; Oppert 2005; Rinaldi 2006;
Sabry 2011; Sprung 2008).

Fourteen trials reported length of ICU stay (Annane 2002; Annane
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2010; Arabi 2011; Bollaert 1998; Briegel 1999; Chawla 1999;
Confalonieri 2005; Gordon 2014; Hu 2009; Huh 2007; Meduri
2007; Rinaldi 2006; Sprung 2008; Torres 2015), and 14 reported
length of hospital stay (Annane 2002; Annane 2010; Arabi 2011;
Bollaert 1998; Chawla 1999; Confalonieri 2005; Gordon 2014;
Meduri 2007; Meijvis 2011; Slusher 1996; Snijders 2010; Sprung
2008; Torres 2015; Yildiz 2002).

Excluded studies

We excluded 14 trials (see Characteristics of excluded studies).

Ongoing studies

We identified nine additional randomized trials of prolonged
treatment with a low dose of corticosteroids from trials registries
(but these nine studies were not included in the analysis; see
Characteristics of ongoing studies). Three of these trials never re-
cruited participants because they lacked funding (NCT00127985
2005; NCT00368381 2008; NCT 00562835 2008). One trial was
halted prematurely as the result of a too slow recruitment rate; no

data are available at the time of this review update (NCT00732277
2008). Two trials are now completed, but no data are available
at the time of this review update (Blum 2015; NCT00670254
2008). One trial was initiated with a 2 x 2 factorial design to also
allow evaluation of the effects of drotrecogin alfa activated (DAA),
arecombinantactivated protein C (NCT00625209 2008). Owing
to the withdrawal of DAA from the market on October 25, 2011,
the trial committees (Steering Committee and Data Safety and
Monitoring Board) decided, with the approval of French health
authorities and of the Comité de Protection des Personnes de Saint
Germain en Laye, to release the data on DAA and to continue the
trial using a two-parallel-group design corresponding to hydrocor-
tisone and fludrocortisone (experimental arm) and their placebos
(control arm) (Annane 2013). Trials included only adults, except
one that evaluated treatment with hydrocortisone in children with

sepsis (NCT00732277 2008).

Risk of bias in included studies

The detailed methodological quality of individual trials is reported
in the 'Risk of bias’ tables, in Figure 2 and in Appendix 6.

Corticosteroids for treating sepsis (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Figure 2. Methodological quality summary: review authors’ judgements about each methodological quality
item for each included study.
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Randomization

In one trial, we considered that randomization (method of gener-
ation of allocation sequence) was inappropriate to minimize selec-
tion bias, that is, as based on a card system (Schumer 1976); we
judged the method for generation of allocation sequence as having
high risk of bias. In six trials, the method was unclear (CSG 1963;
Hu 2009; Rezk 2013; Sabry 2011; Slusher 1996; Valoor 2009),
and it was deemed to have low risk of bias in the remaining trials.
We judged the method used for allocation concealment to be at
low risk of bias in all but 10 trials. In one trial, assignment of
treatment was based on the use of unsealed envelopes (Schumer
1976). In another trial, investigators enrolling participants at one
of the two participating centres could have foreseen the upcoming
assignment, as the local ethical committee refused to accept blind
allocation (Sprung 1984). In eight trials, study authors did not
report the method used for allocation concealment (CSG 1963;
Hu 2009; Huh 2007; Liu 2012; Rezk 2013; Sabry 2011; Slusher
1996; Valoor 2009).

Blinding

In four trials, we judged the method used for blinding as having
high risk of bias (Annane 2010; Rinaldi 2006; Sprung 1984;
Valoor 2009). Four trials used open-label treatments (Annane
2010; Huh 2007; Rinaldi 2006; Valoor 2009). In the fifth trial
(Sprung 1984), the local ethical committee at one of the two
centres did not permit double-blind allocation and administration
of treatment. Therefore, blinding was not possible for 40 of the
59 participants included in the trial.

Six additional trials did not report the method used to ensure
blinding (CSG 1963; Hu 2009; Liu 2012; Rezk 2013; Sabry 2011;
Schumer 1976).

The remaining trials were deemed appropriately double-blinded.

Withdrawal

Fiftteen trials (Annane 2002; Annane 2010; Bollaert 1998; Briegel
1999; Chawla 1999; Gordon 2014; Keh 2003; Meduri 2007;
Meijvis 2011; Oppert 2005; Rinaldi 2006; Snijders 2010; Sprung
2008; Torres 2015; VASSCSG 1987) explicitly provided the num-
bers of, and reasons for, withdrawals or losses to follow-up. In
one trial, only 500 of the 800 expected participants were re-
cruited, mainly as the result of loss of equipoise among investi-
gators (Sprung 2008). Another trial was halted prematurely for
futility after enrolment of 75 of 150 foreseen participants (Arabi
2011).

Intention-to-treat analysis and adherence to the
protocol

Nineteen trials explicitly reported use of intention-to-treat anal-
ysis (as the primary analysis) and numbers of, and reasons for,
non-adherence to the protocol (Annane 2002; Annane 2010;
Arabi 2011; Bollaert 1998; Bone 1987; Briegel 1999; Chawla
1999; Confalonieri 2005; Gordon 2014; Keh 2003; Meduri 2007;
Meijvis 2011; Oppert 2005; Rinaldi 2006; Sabry 2011; Snijders
2010; Sprung 2008; Torres 2015; VASSCSG 1987). One trial re-
ported only use of intention-to-treat analysis (Luce 1988). The re-
maining trials provided no information about these criteria. How-
ever, the number of analysed participants matched the number of
randomly assigned participants, except for five trials. In one trial,
191 participants were randomly assigned to the placebo group and
190 were analysed for the mortality outcome (Bone 1987). In two
trials (Annane 2002; Sprung 2008), one participant withdrew his
or her consent and 499 of 500 and 299 of 300 randomly assigned
participants were analysed, respectively. In two trials, contact with
the primary author allowed us to obtain information on partic-
ipants who were dropped out from the analysis (Oppert 2005;
Rinaldi 2006). In the first study, seven randomly assigned par-
ticipants (five in the corticosteroid group and two in the placebo
group) were not analysed (Oppert 2005). Four of these partic-
ipants (two in the corticosteroid group and two in the placebo
group) were discharged alive from the ICU and then were lost to
follow up. The three remaining participants (in the corticosteroid
group) died - two before receiving hydrocortisone and the last
at study day 17. In the second study, 12 of 52 participants were
dropped out of the study - six in the control group and six in the
corticosteroid group (Rinaldi 2006). Nine participants (four in
the control group) were excluded, as they developed renal failure.
Two control participants died in the ICU at day five and day seven,
respectively. Three of the corticosteroid-treated participants died,
at days five, six and 28, respectively. Three other participants (two
control group) were excluded, as they developed septic shock. All
died at days three, five and six, respectively. In two trials, addi-
tional open-label corticosteroids were given to some participants
(Gordon 2014; Snijders 2010). In the first trial, five participants
in the placebo arm were given rescue corticosteroids for treatment
of life-threatening hypotension and were considered as cross-overs
(Gordon 2014). In the second trial, 37 (17.4%) participants did
not complete the full course of study treatment as a consequence
of premature death in 10 participants, consent withdrawal in five
participants, post-randomization exclusion in eight participants
and additional open-label corticosteroid treatment in 14 partici-
pants (Snijders 2010).

Explicit definition of septic shock

Seventeen trials provided an explicit definition of sepsis (as defined
in the Methods section of this review) (Annane 2002; Annane
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2010; Arabi 2011; Bollaert 1998; Briegel 1999; Chawla 1999;
Cicarelli 2007; Gordon 2014; Hu 2009; Huh 2007; Keh 2003;
Oppert 2005; Sprung 1984; Sprung 2008; Tandan 2005; Valoor
2009; Yildiz 2011). Seven trials provided a definition of sep-
tic shock without referring to the need for vasopressor agents
(Bone 1987; Luce 1988; Rinaldi 2006; Schumer 1976; Slusher
1996; VASSCSG 1987; Yildiz 2002). One study did not explic-
itly provide the definition used for sepsis (CSG 1963). Six trials
explicitly defined sepsis due to community-acquired pneumonia
(Confalonieri 2005; Meijvis 2011; Mikami 2007; Sabry 2011;
Snijders 2010; Torres 2015). In two trials, participants were ran-
domly assigned on the basis of the presence of ARDS, and data
provided in papers confirmed the presence of sepsis (Liu 2012;
Rezk 2013). In another trial on early ARDS, contact with the pri-
mary author confirmed that explicit definitions of sepsis were used
(Meduri 2007).

Effects of interventions

See: Summary of findings for the main comparison Steroids
versus control for treating sepsis

We did not pool the data from three trials that included children
(CSG 1963; Slusher 1996; Valoor 2009), one cross-over trial (Keh
2003), one trial that compared two durations of hydrocortisone
treatment (Huh 2007) and one trial that compared hydrocortisone
versus the combination of hydrocortisone plus fludrocortisone (
Annane 2010).

28-Day all-cause mortality

Data for 28-day mortality were available for 20 trials; among these,
two trials had no corticosteroid-free arm. In addition, we used data
on 14-day mortality (two trials), hospital mortality (four trials) or
ICU mortality (two trials), or data on short-term mortality (one
trial). Thus, we computed data from 27 trials that accounted for
3176 participants. In the treated group, 474 of 1618 participants
died by day 28 compared with 495 of 1558 participants in the
control group. Significant heterogeneity was evident in the results
(Chi? test = 44.99, P value = 0.01, I? statistic = 42%). The RR of
dying at 28 days was 0.87 (95% CI 0.76 to 1.00, P value = 0.05,
random-effects model) (Analysis 1.1). We downgraded the quality
of evidence for this outcome from high to low for imprecision
(upper limit of 95% CI = 1) and for inconsistency (significant
heterogeneity across trial results).

‘We analysed separately the 18 studies for which 28-day mortality
data were available and the two studies reporting only 14-day
mortality (Analysis 1.2). A total of 327 of 1009 deaths occurred at

28 days in the corticosteroid-treated group and 331 of 957 deaths
in the control group (RR 0.90, 95% CI 0.80 to 1.00; P value =
0.06, fixed-effect model), and mild heterogeneity was evident in
the results (Chi? test = 19.89, P value = 0.28, 12 statistic = 15%).
Among studies reporting only 14-day mortality rates, 88 of 303
deaths were reported in the corticosteroid-treated group and 72 of
301 deaths in the control group (RR 1.21, 95% CI0.93 to 1.59; P
value = 0.15, random-effects model), and moderate heterogeneity
was noted in the results (Chi? test = 1.32, P value = 0.25, I? statistic
=24%). Subgroup differences were statistically significant (P value
= 0.04).

Differences in methodological quality across trials may have ac-
counted for observed heterogeneity in the results. Subgroup anal-
yses based on trials reporting an adequate method for generation
of the allocation sequence showed an RR for dying at 28 days of
0.97 (95% CI 0.86 to 1.10) (Analysis 1.3). Similarly, subgroup
analyses based on studies with adequate allocation concealment
showed an RR for dying at 28 days of 0.96 (95% CI 0.84 to 1.09),
and subgroup analyses on double-blind trials showed an RR for
dying at 28 days of 0.95 (95% CI 0.84 to 1.08) (Analysis 1.3).
Heterogeneity across trials may have been the result of different
therapeutic regimens and different populations. Subgroup analy-
sis on the 22 trials that tested a long course of low-dose corticos-
teroids showed less heterogeneity across trials (Chi? test = 25.09,
P value = 0.240, I? statistic = 16%) and an RR for dying at 28
days of 0.87 (95% CI 0.78 to 0.9; P value = 0.01, fixed-effect
model) in favour of the corticosteroid group (Analysis 1.4). We
downgraded the quality of evidence from high to moderate for
inconsistency (owing to one large trial showing non-significant
effects). Subgroup analyses on trials that tested a short course of
high-dose corticosteroids showed significant heterogeneity across
trials (Chi® test = 18.73, P value = 0.0009, I? statistic = 79%)
and an RR for dying at 28 days of 0.96 (95% CI 0.80 to 1.16;
random-effects model) (Analysis 1.4). Subgroup differences were
not statistically significant (P value = 0.35).

Meta-regression analysis confirmed the positive interaction be-
tween the dose given at day one (regression coefficient 0.051;
P value = 0.04) (Figure 3) and total dose (regression coefficient
0.072; P value = 0.05) (Figure 4) and the RR for dying at 28 days,
that is, the lower the dose of treatment with corticosteroids, the
lower was the risk of dying. No significant interaction was observed
between duration of treatment (regression co-efficient -0.057; P
value = 0.15), mineralocorticoid activity of the experimental drug
(regression co-efficient -0.21; P value = 0.48) or mortality in the
control arm (regression co-efficient 0.0008; P value = 0.76) and

the RR for dying.
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Figure 3. Figure represents the results from meta-regression of log of risk ratio of dying and log of the dose
of corticosteroids given at day | and expressed as equivalent mg of hydrocortisone. Estimates from each study
are represented by circles. Circle sizes depend on the precision of each estimate (the inverse of its within-study
variance), which is the weight given to each study in the fixed-effect model. Meta-regression included 26 trials.

The trial by Schummer et al was not included. REML estimate of between-study variance tau’ = .01078.
% residual variation due to heterogeneity: I’ res = 5.07%
Proportion of between-study variance explained Adj R?> = 11.16%
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Figure 4. Figure represents results from meta-regression of log of risk ratio of dying and log of cumulated
dose of corticosteroids expressed as equivalent mg of hydrocortisone. Estimates from each study are
represented by circles. Circle sizes depend on the precision of each estimate (the inverse of its within-study
variance), which is the weight given to each study in the fixed-effect model. Meta-regression included 26 trials.
The trial by Schummer et al was not included. REML estimate of between-study variance tau’ =.01183
% residual variation due to heterogeneity I’ res = 6.99%

Proportion of between-study variance explained Adj R? = 2.49%
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Subgroup analysis based on targeted populations found significant
subgroup differences (P value = 0.01) (Analysis 1.5). In studies of
heterogenous populations of participants with sepsis, the RR for
dyingat 28 days was 1.11 (95% CI 0.91 to 1.34; six trials; n = 826;
12 statistic = 0%). In studies of only participants with septic shock,
the RR for dying at 28 days was 0.88 (95% CI 0.78 to 0.99; 12
trials; n = 1444; I? statistic = 57%). In studies of participants with
sepsis and ARDS, the RR was 0.46 (95% CI 0.25 to 0.85; three
trials; n = 114; I? = 0%), and in studies of participants with sepsis
and community-acquired pneumonia, the RR was 0.62 (95% CI
0.38 to 1.02; five trials; n = 763; I? statistic = 2%).

Subgroup analysis of participants with adrenal insufficiency

showed no heterogeneity in the results. Investigators reported 138
deaths among 294 participants in the treated group and 153 deaths
among 289 in the placebo group. The RR for dying was 0.88 (95%
CI 0.76 to 1.02; eight trials; n = 583; I? statistic = 0%) (Analysis
1.6).

One trial of a large dose of corticosteroids was a statistical outlier
and was excluded from the meta-regression analysis (Schumer

1976).

Funnel plot analysis, including all trials, suggested some asymme-
try (Figure 5). Contour-enhanced funnel plot analysis including
trials of a long course of low-dose corticosteroids also suggested
significant asymmetry (P value = 0.01) (Figure 6).
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Figure 5. Funnel plot of comparison: | Steroids versus control, outcome: 1.l 28-Day all-cause mortality.
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Figure 6. Contour-enhanced funnel plot Log of risk ratio for 28-day mortality is plotted against its standard
error
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favours corticosteroids

In one trial comparing hydrocortisone alone versus hydrocortisone
plus fludrocortisone, the hazard ratio of death was 0.94 (95% CI
0.73 to 1.21) (Annane 2010).

Intensive care unit (ICU) mortality

Data were available from 13 trials, accounting for 1463 partic-
ipants. All of these trials investigated a long course of low-dose
corticosteroids. A total of 264 of 748 participants in the treated
group and 289 of 715 participants in the control group died in the
ICU. Some heterogeneity was evident in the results (Chi? test =
17.21, P value = 0.14, I? statistic = 30%). The RR for dying in the
ICU was 0.82 (95% CI, 0.68 to 1.00, P value = 0.045; random-
effects model) (Analysis 1.7).

Hospital mortality

We could extract data on hospital mortality from 17 trials that ac-
counted for 2014 participants. A total of 383 of 1041 participants
in the treated group compared with 402 of 973 in the control
group died in hospital. Heterogeneity in the results was significant

control

(Chi? test = 30.11, P value = 0.02, I? statistic = 47%). The RR
for dying in hospital was 0.85 (95% CI, 0.73 to 0.98; P value =
0.03, random-effects model) (Analysis 1.8). The quality of evi-
dence for this outcome was downgraded from high to moderate
for inconsistency and imprecision (upper limit of 95% CI for RR
approaching 1).

In one trial comparing hydrocortisone alone versus hydrocortisone
plus fludrocortisone, the RR for death was 0.94 (95% CI 0.77 to
1.14) (Annane 2010).

Shock reversal at day seven

We could extract data from 12 trials that accounted for 1561 par-
ticipants. A total of 532 of 806 participants in the treated group
and 395 of 755 in the control group had shock reversed at day
seven. Significant heterogeneity was evident in the results (Chi?
test = 25.33, P value = 0.008, 12 statistic= 57%). The RR for hav-
ing shock reversed at day seven was 1.31 (95% CI 1.14 to 1.51;
P value = 0.0001, random-effects model) in favour of the corti-
costeroid group (Analysis 1.9). We did not downgrade the quality
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of evidence for this outcome for inconsistency, as the direction of
the effect was consistent across trials.

Heterogeneity in the results could be explained by differences in
treatment strategies used in the various trials. Two trials evalu-
ated one or two boluses of high-dose corticosteroids (Bone 1987;
Sprung 1984), and the 10 remaining trials studied treatment with
a long course of low-dose corticosteroids. Analysis of these 10 tri-
als (n = 1258) revealed no greater heterogeneity in the results (I
2 statistic = 0%). Then, 422 of 633 participants in the treated
group and 306 of 625 participants in the control group had shock
reversed at day seven. The RR for having shock reversed was 1.34
(95% CI 1.22 to 1.46; P value < 0.00001) in favour of the corti-
costeroid group (Analysis 1.9).

In one cross-over trial, hydrocortisone was given for three days at
a dose of 240 mg per day (Keh 2003). Although this trial could
not provide information on shock reversal at day seven, investiga-
tors showed that at day three, fewer hydrocortisone patients than
placebo-treated patients required norepinephrine treatment (6/20
vs 14/20; P value = 0.025).

Shock reversal at day 28

We could extract data from seven trials, accounting for 1013 par-
ticipants. A total of 345 of 512 participants in the treated group
had shock reversed at day 28, as did 297 of 501 in the placebo
group. No heterogeneity was evident in the results (I statistic =
0%). The RR for having shock reversed was 1.11 (95% CI 1.02
to 1.21; P value = 0.01) in favour of the corticosteroid group
(Analysis 1.10).

Number of organs affected and intensity of organ
dysfunction according to SOFA score at day seven

In one study (Briegel 1999), corticosteroid treatment was associ-
ated with a non-significant (P value = 0.18) trend toward earlier
resolution of organ dysfunction. Eight studies (n = 1132) reported
the SOFA score at seven days post randomization. The MD in
the SOFA score at day seven was -1.53 (95% CI -2.04 to -1.03;
P value < 0.00001, random-effects model) in favour of corticos-
teroids. Moderate heterogeneity across studies was noted (Chi2
test = 10.80, P value = 0.15, 12 statistic = 35%) (Analysis 1.11).
We did not downgrade the quality of evidence for this outcome,
as the direction of the effect was consistent across trials.

Length of stay in the intensive care unit (ICU)

In 12 trials (n = 1384), the MD for ICU length of stay for all par-
ticipants was -1.68 (95% CI -3.27 to -0.09; P value = 0.04, ran-
dom-effects model) with some heterogeneity evident across stud-
ies (Chi? test = 16.03, P value = 0.14, 12 statistic = 31%) (Analysis
1.12). We could extract data from 10 trials on 778 ICU survivors.
The mean difference for ICU length of stay among these survivors

was -2.19 (95% CI -3.93 to -0.46; P value = 0.01, fixed-effect

model). No heterogeneity was evident across studies (Chi? test =
8.63, P value = 0.47, I2 statistic = 0%) (Analysis 1.13). We judged
the quality of evidence for this outcome as high.

Length of hospital stay

From 12 trials (n = 1802), we could extract data on all participants.
Some heterogeneity in the results was evident (I? statistic = 22%).
No evidence showed a difference between the two groups (MD
-0.97, 95% CI -2.55 to 0.61, random-effects model) (Analysis
1.14). We could extract data for hospital survivors from nine stud-
ies (n = 710). We noted some heterogeneity in the results (I? statis-
tic = 43%). No evidence suggested a difference between the two
groups (MD -4.11, 95% CI -8.50 to 0.28) (Analysis 1.15).

Adverse events

Gastroduodenal bleeding

We could extract data from 19 trials (n = 2382). A total of 81
of 1219 participants in the treated group and 62 of 1163 in the
control group had an episode of gastroduodenal bleeding. We
noted no heterogeneity in the results (I? statistic = 0%). The RR
for having gastroduodenal bleeding was 1.24 (95% CI 0. 92 to
1.67; P value = 0.15, fixed-effect model) (Analysis 1.16).

Superinfection

We could extract data from 19 trials (n = 2567). A total of 219 of
1307 participants in the treated group and 203 of 1260 partici-
pants in the control group had an episode of nosocomial infection.
We noted moderate heterogeneity in the results (Chi? test = 18.98,
P value = 0.21, 12 statistic = 21%). The RR for superinfection was
1.02 (95% CI 0.87 to 1.20; P value = 0.81, fixed-effect model)
(Analysis 1.16).

Hyperglycaemia

The number of participants who presented with hyperglycaemia
was reported for 13 trials (n = 2081). Moderate heterogeneity was
noted in the results (Chi2 test = 13.60, P value = 0.19; 12 statistic
= 26%). The RR for hyperglycaemia was 1.26 (95% CI 1.16 to
1.37; P value < 0.00001, fixed-effect model) (Analysis 1.16).
One trial comparing tight glucose control versus standard care
found no benefit in normalizing blood glucose levels among cor-
ticosteroid-treated septic shock participants (Annane 2010).

Hypernatraemia

The number of participants who presented with hypernatraemia
was reported for three trials (n = 805). We noted no heterogeneity
in the results (I? statistic = 0%). The RR for hypernatraemia was
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1.64 (95% CI 1.28 t0 2.09; P value < 0.00001, fixed-effect model)
(Analysis 1.16).

Neuromuscular weakness

The number of participants who presented with neuromuscular
weakness was reported for three trials (n = 811). Moderate hetero-
geneity was evident in the results (I? statistic = 30%). The RR for
neuromuscular weakness was 0.62 (95% CI 0.21 to 1.88; P value
= 0.24) (Analysis 1.16).

We have summarized the main results in Summary of findings for
the main comparison.

DISCUSSION

Summary of main results

Effects of corticosteroids on mortality

Overall, this review suggested that, in sepsis, corticosteroids re-
duced all-cause 28-day mortality, although the P value was 0.05,
and significantly reduced intensive care unit (ICU) and in-hospital
mortality. For these outcomes, results showed strong heterogene-
ity.

Subgroup analysis based on treatment modalities showed that a
long course of low-dose corticosteroids significantly reduced 28-
day mortality with little heterogeneity in results. By contrast, a
short course of high-dose corticosteroids did not affect mortality,
in keeping with previous reports (Cronin 1995; Lefering 1995).
Patients with more severe forms of sepsis, such as those with vaso-
pressor-dependent septic shock and those with acute respiratory
distress syndrome (ARDS), may be more likely to derive a survival
benefit from corticosteroids than patients with less severe sepsis.
Patients whose sepsis is secondary to community-acquired pneu-
monia also are more likely to benefit from corticosteroids. Indeed,
analysis based on the targeted population showed statistically sig-
nificant subgroup differences. Analysis of eight trials including pa-
tients with critical illness-related corticosteroid insufficiency sug-
gested a non-significant reduction in the risk of death. However,
studies did not use the same definition for adrenal insufficiency.
Additional studies are needed to determine the best diagnostic
tool for critical illness-related corticosteroid insufficiency (Marik
2008).

Effects of corticosteroids on morbidity outcomes

The beneficial effects of corticosteroids on mortality may be related
to the favourable effects of treatment on duration of shock. Indeed,
this review showed that treatment with corticosteroids resulted in

a substantial reduction in shock duration, with fewer patients re-
maining on vasopressor therapy by day seven and by day 28. Treat-
ment with a long course of low-dose corticosteroids may attenu-
ate the severity of inflammation (Confalonieri 2005; Keh 2003;
Mikami 2007a; Oppert 2005; Rinaldi 2006) and the intensity
and duration of organ system failure (Briegel 1999; Confalonieri
2005; Keh 2003; Oppert 2005; Sprung 2008), as shown in this
review by a marked decrease in sequential organ failure assessment
(SOFA) score at day seven. In addition, subsequent to favourable
effects on cardiovascular and other organ functions, corticosteroid
therapy resulted in substantial shortening of ICU length of stay.

Tolerance of corticosteroids

Finally, this review also showed no evidence of effects of corticos-
teroids on rates of gastroduodenal bleeding or superinfection, or
on the proportion of patients with acquired neuromuscular weak-
ness. Corticosteroids were associated with increased risk for de-
veloping hyperglycaemia and hypernatraemia. One randomized
controlled trial suggested that continuous infusion of hydrocorti-
sone resulted in fewer episodes of hyperglycaemia than were seen
with bolus administration (Loisa 2007). One trial on 509 corti-
costeroid-treated patients with septic shock reported no benefit
for normalizing blood glucose levels (Annane 2010).

Overall completeness and applicability of
evidence

Although the subgroup analysis is a between-study and not a
within-study hypothesis, we thought its validity was acceptable
according to proposed criteria (Guyatt 2008b). First, we defined
the hypothesis for an interaction between dose and duration and
effects of corticosteroids on mortality a priori. Second, we con-
ducted only three subgroup analyses (based on methodological
quality of studies, dose and duration and targeted population).
Third, treatment effect was seen as a 4% absolute difference in
mortality and rather consistent findings in terms of 28-day, ICU
and hospital mortality (risk ratios (RRs) 0.87, 0.82 and 0.91, re-
spectively). Meta-regression analysis further confirmed the inter-
action of dose and duration with effects of corticosteroids on mor-
tality. Fourth, strong external evidence supports these results. Ex-
perimental and human studies have shown that a dose of 400 mg
or less of hydrocortisone or equivalent can reverse the systemic in-
flammatory response, endothelial activation and coagulation dis-
orders secondary to infection (Annane 2005), thus arguing against
the use of higher doses. Moreover, at these low doses, corticos-
teroids have been shown to improve rather than suppress innate
immunity in patients with septic shock (Kaufman 2008). It is
now established that sepsis results in a sustained pro-inflammatory
state, arguing against a short course of treatment (Kellum 2007).
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Quality of the evidence

We judged the quality of evidence for 28-day mortality as low
rather than high because some imprecision and inconsistency
across trials were related in part to differences in study popula-
tions and to differences in treatment dose and duration. We down-
graded the quality of evidence for 28-day mortality in the sub-
group of long course of low-dose corticosteroids from high to
moderate because one of the two largest trials on a long course
of low-dose corticosteroids reported no survival benefit (Sprung
2008). Other differences between trials included differences in
targeted populations, in control of co-interventions or in type and
dose of corticosteroids. In addition, ongoing trials (Gordon 2014a;
NCT00625209 2008; Venkatesh 2013) may influence the direc-
tion and magnitude of treatment effects.

Potential biases in the review process

In this review, we performed a comprehensive search of the liter-
ature with no restriction on language, so we can assume that the
risk of missing important trials was very limited. The asymmet-
rical funnel plot for the primary outcome of this review suggests
some publication bias. However, potential sources of an asymmet-
rical funnel plot also include selection biases, poor methodological
quality of smaller studies, true heterogeneity, artefacts and chance
(Egger 1997). Visual inspection of the funnel plot suggests a small-
study effect (i.e. among small studies, the positive ones are more
likely to be published). Nevertheless, our thorough search strategy
and the need to enrol studies in public clinical trial registries may
have decreased the risk of missing any randomized controlled trial.
As discussed in this review, all studies on low-dose corticosteroids
described methods of acceptable quality. True heterogeneity seems
to be a more plausible explanation for the observed asymmetri-
cal funnel plot. Indeed, the effects of low-dose corticosteroids on
mortality may be proportional to the basal risk of death, and the
Corticosteroid Therapy of Septic Shock trial (CORTICUS) in-
cluded patients at lower risk of death (Sprung 2008). In addition,
smaller intervention effects in the CORTICUS trial may have re-
sulted from an improved standard of care introduced during the
decade that separated most of the smaller trials from CORTICUS.
Finally, the asymmetrical funnel plot may have been due to chance.
According to the primary objective of this systematic review, we
included only trials that compared corticosteroids versus standard
therapy alone or placebo. One trial used a cross-over design (Keh
2003), and we could obtain none of the foreseen outcomes for
this review. This trial concluded that prolonged treatment with a
low dose of hydrocortisone improved haemodynamicand immune
outcomes. Another trial compared three days versus seven days of
hydrocortisone therapy and suggested no evidence for differences
in outcomes between patients treated for three days or seven days
(Huh 2007). However, this trial has some limitations, including
lack of blinding and small sample size. Three other trials have

included children (CSG 1963; Slusher 1996; Valoor 2009). We
considered that pooling the results of remaining trials in a meta-
analysis was acceptable.

Two trials were published only as an abstract (Chawla 1999;
Tandan 2005). Nevertheless, the primary investigators for these
studies (Chawla 1999; Tandan 2005) provided sufficient unpub-
lished data for review authors to compute the primary outcome
and several secondary outcomes for this review, allowing us to in-
clude these trials in the meta-analysis. Both published and un-
published data were available for 17 trials (Annane 2002; Annane
2010; Arabi 2011; Bollaert 1998; Briegel 1999; Chawla 1999;
Cicarelli 2007; Confalonieri 2005; Gordon 2014; Keh 2003;
Meduri 2007; Oppert 2005; Rinaldi 2006; Sprung 1984; Sprung
2008; Torres 2015; Yildiz 2002), and the primary author for each
trial validated the data extraction form. For four studies, contact
with the primary investigator yielded no additional data (Luce
1988; Meijvis 2011; Rezk 2013; Snijders 2010).

We chose to convert outcome measures that correspond to cen-
sored data into dichotomous variables, that is, the proportion of
participants with a particular event after one week and after four
weeks, or at ICU or hospital discharge.

Agreements and disagreements with other
studies or reviews

Findings in this review that a short course of high-dose corticos-
teroids provides no benefit for patients with sepsis are in line with
reports from previous systematic reviews (Cronin 1995; Lefering
1995) and with current international guidelines (Dellinger 2013).
We found scarce data that could not allow conclusions on effects
of corticosteroids in children with sepsis, in keeping with a recent
systematic review (Menon 2013).

The beneficial effects of corticosteroids on shock reversal in pa-
tients with septic shock are consistent across recent systematic re-
views (Kalil 2011; Moran 2010; Sherwin 2012). The survival ben-
efit derived from corticosteroids for patients with sepsis was sug-
gested by some previous authors (Moran 2010) but not by oth-
ers (Kalil 2011; Sherwin 2012). Nevertheless, current systematic
reviews have included trials that were not included in previous
systematic reviews, as they were published only recently or were
published in non-English language. Current reviews have included
non-published information for a large number of trials after con-
tact was made with original study authors, resulting in inclusion
of qualitatively and quantitatively better data than were provided
previously.

AUTHORS’ CONCLUSIONS
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Implications for practice

Overall, corticosteroids may favourably impact all-cause mortality
at 28 days, and at ICU and hospital discharge, in patients with sep-
sis. Subgroup analyses have suggested that corticosteroids should
be given at a low dose (of < 400 mg per day, of hydrocortisone or
equivalent) for three or more days at full dose, and preferably in
patients with septic shock, sepsis and ARDS, community-acquired
pneumonia or critical illness-related corticosteroid insufficiency.
Evidence from this review is insufficient to support an abrupt or
gradual interruption in treatment, or to support intravenous bolus
or continuous infusion of treatment. Evidence accumulated from
five trials uniformly does not support use of a short course of high-
dose corticosteroids in patients with sepsis.

Implications for research

The criteria for critical illness-related corticosteroid insufficiency
in septic shock remain to be defined.

Ongoing trials should clarify:
e the role of a long course of low-dose corticosteroids for
treatment of septic shock in children;

e the role of a long course of low-dose corticosteroids for
treatment of patients with sepsis without shock, or with a mild
form of septic shock;

e the role of mineralocorticoid replacement;
e the optimal timing of initiation of treatment;

e the optimal dose of hydrocortisone (or equivalent); and

e the role of a long course of low-dose corticosteroids for
treatment of sepsis caused by different types of infections.

The optimal timing for starting treatment, the optimal dose of
hydrocortisone (or equivalent) and the duration and modality of
withdrawal of treatment require additional trials.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Annane 2002
Methods Randomized controlled trial with 2 parallel groups
19 centres
Participants Adults (n = 300) with vasopressor- and ventilator-dependent septic shock
Stratification according to cortisol response to 250 ug Synacthene into non-responders
(delta cortisol < 9 pg/dL) and responders (> 9 pg/dL)
Interventions e Hydrocortisone (50 mg intravenous bolus every 6 hours for 7 days) plus
fludrocortisone (50 pg taken orally every 24 hours for 7 days)
e Respective placebos
Treatments have to be initiated within 8 hours from shock onset
Outcomes PRIMARY
e 28-Day mortality in non-responders
SECONDARY
e 28-Day mortality in responders and in all participants
e Intensive care unit mortality rate
e Hospital mortality rate
e 1-Year mortality rate
e Shock reversal
e Organ system failure-free days
e Length of stay in ICU and at hospital
o Safety
Notes Study location: France
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated randomization
bias) scheme
Allocation concealment (selection bias) Low risk Centralized randomization
Blinding (performance bias and detection Low risk Participants: yes
bias) Care-givers: yes
All outcomes Data collectors: yes
Outcome assessors: yes
Data analysts: yes
Incomplete outcome data (attrition bias) ~ Low risk Lost to follow-up: none
All outcomes
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Annane 2002 (Continued)

Selective reporting (reporting bias) Low risk Access to study protocol excluding report-
ing bias
Other bias Low risk Full access to data excluding selection bias
Annane 2010
Methods Randomized controlled trial with 2 x 2 factorial design
11 centres
Participants Adults (n = 509) with vasopressor-dependent septic shock
Interventions e Hydrocortisone (50 mg intravenous bolus every 6 hours for 7 days) plus
fludrocortisone (50 pg taken orally every 24 hours for 7 days) and intravenous insulin
to maintain blood glucose between 80 and 110 mg/dL
e Hydrocortisone (50 mg intravenous bolus every 6 hours for 7 days) and
intravenous insulin to maintain blood glucose between 80 and 110 mg/dL
e Hydrocortisone (50 mg intravenous bolus every 6 hours for 7 days) plus
fludrocortisone (50 pg taken orally every 24 hours for 7 days) and conventional control
of blood glucose levels
e Hydrocortisone (50 mg intravenous bolus every 6 hours for 7 days) and
conventional control of blood glucose levels
Treatments have to be initiated within 24 hours from shock onset
Outcomes PRIMARY
e Hospital mortality in non-responders.
SECONDARY
e Mortality rates at 28 days, 90 days and 180 days and at ICU discharge
e Vasopressor-free days
e Organ failure-free days
e ICU and hospital length of stay
o Safety
Notes Study location: France
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated randomization
bias) scheme
Allocation concealment (selection bias) Low risk Centralized randomization through a se-

cured website

Blinding (performance bias and detection
bias)

All outcomes

High risk Participants: yes
Care-givers: no
Data collectors: yes
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Annane 2010 (Continued)

Outcome assessors: no
Data analysts: yes

Incomplete outcome data (attrition bias) ~ Low risk No loss to follow-up
All outcomes
Selective reporting (reporting bias) Low risk Access to study protocol excluding report-
ing bias
Other bias Low risk Full access to data excluding selection bias
Arabi 2011
Methods Randomized controlled trial
1 centre
Participants Adult (n = 75) with liver cirrhosis and septic shock
Interventions e Hydrocortisone (50 mg intravenous bolus every 6 hours until shock resolution,
then treatment tapered off by 1 mL every 2 days until discontinuation)
o Placebo (normal saline)
Outcomes Primary
e 28-Day all-cause mortality
Secondary
e ICU and hospital mortality
e Shock reversal
e Mechanical ventilation-free days
e Renal replacement therapy-free days
e Length of stay
e SOFA score at day 7
e Adverse events
Outcomes were also analysed in relation to adrenal insufficiency
Notes Study location: Saudi Arabia
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated random numbers
bias)
Allocation concealment (selection bias) Low risk Use of sealed envelopes by pharmacists
Blinding (performance bias and detection Low risk Pharmacists: no

bias)

All outcomes

Participants: yes
Care-givers: yes
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Arabi 2011 (Continued)

Data collectors: yes
Outcome assessors: yes
Data analysts: yes

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk

Unexplained discrepancy between reported K-
M curves and number of deaths at 28 days in
placebo arm

Selective reporting (reporting bias)

Low risk

Access to unpublished data

Other bias

High risk

Trial terminated prematurely after enrolment of
75 participants while planned sample size was
150

Bollaert 1998

Methods

Randomized controlled trial with 2 parallel groups

2 centres

Participants

Adults (n = 41) with vasopressor- and ventilator-dependent septic shock

Stratification according to cortisol response to 250 pg Synacthene into non-responders

(delta cortisol < 6 pg/dL) and responders (> 6 pg/dL)

Interventions

e Hydrocortisone (100 mg intravenous bolus every 8 hours for 5 days, then tapered

over 6 days)
e Placebo

Treatments have to be initiated after 48 hours or longer from shock onset

Outcomes

PRIMARY

e Shock reversal
SECONDARY

e 28-Day mortality
ICU mortality
Hospital mortality

Safety

Improvement in haemodynamics

Length of stay in ICU and at hospital

Notes

Study location: France

Risk of bias

Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk

bias)

Computer-generated randomization
scheme
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Bollaert 1998 (Continued)

Allocation concealment (selection bias) Low risk Randomization list kept confidential by the
pharmacist
Blinding (performance bias and detection Low risk Participants: yes
bias) Care-givers: yes
All outcomes Data collectors: yes
Outcome assessors: yes
Data analysts: yes
Incomplete outcome data (attrition bias)  Low risk Lost to follow-up: none
All outcomes
Selective reporting (reporting bias) Low risk Access to study protocol excluding report-
ing bias
Other bias Low risk Full access to data excluding selection bias
Bone 1987
Methods Randomized controlled trial with 2 parallel groups
19 centres
Participants Adults (n = 382) with sepsis (n = 234) or septic shock (n = 148)
Interventions e Methylprednisolone (30 mg/kg 20-minute intravenous infusion, every 6 hours for
24 hours)
e DPlacebo
Treatments have to be initiated 2 hours from time entry criteria were met
Outcomes PRIMARY
e 14-Day development of shock for sepsis
e Shock reversal for septic shock
e 14-Day death and safety
Notes Study location: USA
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated randomization
bias) scheme
Allocation concealment (selection bias) Low risk Centralized randomization
Blinding (performance bias and detection Low risk Participants: yes
bias) Care-givers: yes
All outcomes
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Bone 1987  (Continued)

Data collectors: yes
Outcome assessors: yes
Data analysts: yes

Incomplete outcome data (attrition bias)
All outcomes

Low risk

Lost to follow-up: none

Selective reporting (reporting bias)

Unclear risk

No access to study protocol to exclude re-
porting bias

Other bias

Low risk

No access to full data including screening
log to exclude selection bias

Briegel 1999

Methods Randomized controlled trial with 2 parallel groups
1 centre
Participants Adults (n = 40) with vasopressor- and ventilator-dependent septic shock
Interventions e Hydrocortisone (100 mg 30-minute intravenous infusion followed by 0.18 mg/
kg/h continuous infusion until shock reversal, then tapered off)
e Placebo
Treatments have to be initiated within 72 hours from shock onset
Outcomes PRIMARY
e Shock reversal
SECONDARY
e 28-Day mortality
e ICU mortality
e Hospital mortality
e Improvement in haemodynamics
e Organ system failure (SOFA at day 7)
e Length of stay in ICU
o Safety
Notes Study location: Germany
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated randomization
bias) scheme
Allocation concealment (selection bias) Low risk Adequate randomization
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Briegel 1999  (Continued)

Blinding (performance bias and detection Low risk Participants: yes

bias) Care-givers: yes

All outcomes Data collectors: yes
Outcome assessors: yes
Data analysts: yes

Incomplete outcome data (attrition bias) ~ Low risk Lost to follow-up: none

All outcomes

Selective reporting (reporting bias) Low risk Access to study protocol excluding report-
ing bias

Other bias Low risk Access to full data including screening log

Chawla 1999

Methods Randomized controlled trial with 2 parallel groups
1 centre
Participants Adults (n = 44) with vasopressor-dependent septic shock
Interventions e Hydrocortisone (100 mg intravenous bolus every 8 hours for 3 days, then tapered
over 4 days)
e Placebo
Treatments have to be initiated after 72 hours or longer from shock onset
Outcomes PRIMARY
e Shock reversal
SECONDARY
e 28-Day mortality
e Hospital mortality
e Improvement in haemodynamics
e Length of stay in ICU
o Safety
Notes Study location: USA
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated randomization
bias) scheme
Allocation concealment (selection bias) Low risk Randomization list was kept confidential

by the pharmacist
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Chawla 1999 (Continued)

Blinding (performance bias and detection Low risk Participants: yes
bias) Care-givers: yes
All outcomes Data collectors: yes
Outcome assessors: yes
Data analysts: yes
Incomplete outcome data (attrition bias) ~ Low risk Lost to follow-up: none
All outcomes
Selective reporting (reporting bias) Low risk Access to study protocol excluding report-
ing bias
Other bias Low risk Access to full data including screening log
Cicarelli 2007
Methods Randomized controlled trial with 2 parallel groups
1 centre
Participants Adults (n = 29) with vasopressor-dependent septic shock
Interventions e Dexamethasone (0.2 mg/kg intravenous, 3 doses at intervals of 36 hours)
o Placebo (normal saline)
Outcomes e Duration of vasopressor support (SOFA score for cardiovascular system > 2)
e Duration of mechanical ventilation
e 28-Day mortality
Notes Study location: Brazil
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated randomization
bias) scheme
Allocation concealment (selection bias) Low risk Randomization list kept confidential by the
pharmacist
Blinding (performance bias and detection Low risk Participants: yes

bias)

All outcomes

Care-givers: yes

Data collectors: yes
Outcome assessors: yes
Data analysts: yes
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Cicarelli 2007  (Continued)

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk

Lost to follow-up: none; 3 participants were
withdrawn after next of kin refused to con-
sent

Selective reporting (reporting bias)

Unclear risk

No access to study protocol to rule out re-
porting bias

Other bias Unclear risk No access to data to rule out selection bias
Confalonieri 2005
Methods Randomized controlled trial with 2 parallel groups
6 centres
Participants Adults (n = 46) with severe community-acquired pneumonia
Interventions e Hydrocortisone (200 mg intravenous loading bolus followed by a continuous
infusion at a rate of 10 mg/h for 7 days, then tapered over 4 days)
e Placebo
Outcomes PRIMARY
e Improvement in PaO;:FiO; and in multiple organ dysfunction syndrome score
by study day 8
SECONDARY
e Duration of mechanical ventilation
e Length of stay
e 60-Day mortality
e ICU mortality
e Hospital mortality
o Safety
Notes Study location: Italy
Riske of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated randomization
bias) scheme
Allocation concealment (selection bias) Low risk Centralized randomization
Blinding (performance bias and detection Low risk Participants: yes
bias) Care-givers: yes
All outcomes Data collectors: yes
Outcome assessors: yes
Data analysts: yes
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Confalonieri 2005 (Continued)

Incomplete outcome data (attrition bias) ~ Low risk Lost to follow-up: 2 at 60 days after ran-
All outcomes domization, all in the placebo group
Selective reporting (reporting bias) High risk Study was stopped prematurely for appar-
ent benefit; no sample size was defined a
priori, but study authors used the triangu-
lar test as a stopping rule, analysing the pri-
mary outcome after each 20 participants
Other bias Low risk Access to full data including screening log
CSG 1963
Methods Randomized controlled trial with 2 parallel groups
5 centres
Participants Adults (n = 194) and children (n = 135) with vasopressor-dependent septic shock
Interventions e Hydrocortisone (intravenous infusion of 300 mg for 24 hours, then 250 mg for
24 hours, followed by 200 mg orally on day 3, then tapered off in steps of 50 mg per
day, i.e. total duration of treatment - 6 days)
e Placebo
Outcomes PRIMARY
e Hospital mortality
SECONDARY
o Safety
Notes Study location: USA
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Unclear risk Not given
bias)
Allocation concealment (selection bias) Unclear risk Not given

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk

Participants: yes
Care-givers: yes

Data collectors: unclear
Outcome assessors: unclear
Data analysts: unclear

Incomplete outcome data (attrition bias)
All outcomes

Low risk

Lost to follow-up: none
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CSG 1963  (Continued)

Selective reporting (reporting bias)

Unclear risk No access to study protocol to exclude re-
porting bias

Other bias Unclear risk No access to data to exclude selection bias
Gordon 2014
Methods Randomized controlled trial with 2 parallel groups
4 centres
Participants Adults (n = 61) with septic shock on a maximal dose of vasopressin of up to 0.06 U/min
Interventions e Hydrocortisone phosphate (50 mg IV bolus 6-hourly for 5 days, 12-hourly for 3
days, then once daily for 3 days)
e Placebo (0.5 mL of 0.9% saline)
Outcomes PRIMARY
e Difference in plasma vasopressin concentration between treatment groups
SECONDARY
e Difference in vasopressin requirements
e 28-Day mortality
e ICU mortality
e Hospital mortality
e Organ failure-free days to 28 days post randomization
e Shock reversal
e Length of stay in ICU and at hospital
o Safety
Notes Study location: United Kingdom
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated random numbers

bias)

prepared by an independent statistician

Allocation concealment (selection bias)

Low risk Randomization done via an online system

Blinding (performance bias and detection
bias)

All outcomes

Low risk Hydrocortisone and its placebo presented
in indiscernible forms

Incomplete outcome data (attrition bias) ~ Low risk Lost to follow-up: none
All outcomes
Selective reporting (reporting bias) Low risk Reported information matched published

statistical plan
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Gordon 2014  (Continued)

Other bias Low risk Access to unpublished information to ex-
clude other risk of bias
Hu 2009
Methods Randomized controlled trial
1 centre
Participants Adults (n = 77) with septic shock
Interventions e Hydrocortisone (50 mg intravenous bolus 6-hourly for 7 days, then 50 mg 8-
hourly for 3 days, then 50 mg 12-hourly for 2 days and 50 mg once daily for 2 days)
e Control group: no mention of placebo
Outcomes PRIMARY
e Time on norepinephrine and lactate clearance
SECONDARY
e ICU mortality
e ICU length of stay
e Shock reversal
Notes Study location: China
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Unclear risk Not stated in the manuscript
bias)
Allocation concealment (selection bias) Unclear risk Not stated in the manuscript
Blinding (performance bias and detection Unclear risk Not stated in the manuscript
bias)
All outcomes
Incomplete outcome data (attrition bias)  Low risk Lost to follow-up: none
All outcomes
Selective reporting (reporting bias) Unclear risk No information
Other bias Unclear risk No information
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Huh 2007

Methods Randomized controlled trial with 2 parallel groups
1 centre
Participants Adults (n = 82) with septic shock and adrenal insufficiency
Interventions e Hydrocortisone (50 mg intravenous bolus every 6 hours for 7 days)
e Hydrocortisone (50 mg intravenous bolus every 6 hours for 3 days)
Outcomes PRIMARY
e 28-Day mortality
SECONDARY
e Shock reversal
e Duration of mechanical ventilation
e Length of stay
o Safety
Notes Study location: South Korea
Riske of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated randomization
bias) scheme
Allocation concealment (selection bias) Unclear risk Not given
Blinding (performance bias and detection High risk Participants: no

bias)

All outcomes

Care-givers: no

Data collectors: no
Outcome assessors: no
Data analysts: no

Incomplete outcome data (attrition bias) ~ Low risk Lost to follow-up: none
All outcomes
Selective reporting (reporting bias) Unclear risk No explicit information on plan analysis
Other bias Unclear risk No information
Keh 2003
Methods Randomized controlled trial with cross-over design
1 centre
Participants Adults (n = 40) with vasopressor-dependent septic shock
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Keh 2003  (Continued)

Interventions e Hydrocortisone (100 mg 30-minute intravenous infusion followed by 10 mg/h
continuous infusion for 3 days)
e Placebo
All participants received hydrocortisone for 3 days preceded or followed by placebo for
3 days
Outcomes PRIMARY
e Immune response
SECONDARY
e Improvement in haemodynamics and organ system failure
o Safety
Notes Study location: Germany
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated randomization
bias) scheme
Allocation concealment (selection bias) Low risk Randomization list kept confidential by the
pharmacist
Blinding (performance bias and detection Low risk Participants: yes

bias)

All outcomes

Care-givers: yes

Data collectors: yes
Outcome assessors: yes
Data analysts: yes

Incomplete outcome data (attrition bias) ~ Low risk Lost to follow-up: none

All outcomes

Selective reporting (reporting bias) Low risk Access to study protocol

Other bias Low risk Full access to data including screening log
Liu 2012

Methods Randomized controlled trial with parallel groups

1 centre
Participants Adults (n = 26) with ARDS and sepsis, including septic shock (n = 12)
Interventions e Hydrocortisone (100 mg intravenous bolus 8-hourly for 7 consecutive days)

o Placebo (normal saline)
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Liu 2012  (Continued)

Outcomes PRIMARY
e Unclear

SECONDARY

e 28-Day mortality
e Prevalence of shock within 28 days
e SOFA score (information for SOFA score at day 7 not available)
e ICU length of stay
o Safety

Notes Study location: China

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk

Computer-generated randomization

scheme

Allocation concealment (selection bias)

Unclear risk

No explicit information in the manuscript

Blinding (performance bias and detection
bias)

All outcomes

Unclear risk

No explicit information in the manuscript

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk

No explicit information in the manuscript

Selective reporting (reporting bias)

Unclear risk

No information

Other bias Unclear risk No information
Luce 1988
Methods Randomized controlled trial
1 centre
Participants Adults (n = 75) with sepsis and septic shock
Interventions e Methylprednisolone (30 mg/kg 15-minute intravenous infusion every 6 hours for
24 hours)
e Placebo
Outcomes PRIMARY
e Prevention of ARDS
SECONDARY
e Hospital mortality
Notes Study location: USA
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Luce 1988 (Continued)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk Computer-generated randomization scheme

bias)

Allocation concealment (selection bias) Low risk Randomization list kept confidential by the
pharmacist

Blinding (performance bias and detection Low risk Participants: yes

bias)

All outcomes

Care-givers: yes

Data collectors: yes
Outcome assessors: yes
Data analysts: yes

Incomplete outcome data (attrition bias)
All outcomes

High risk 12 out of 87 randomly assigned participants
were not analysed, and their follow-up was not

given
Selective reporting (reporting bias) Unclear risk No access to study protocol
Other bias Unclear risk No access to data to exclude selection bias
Meduri 2007
Methods Randomized controlled trial (2:1 scheme)
5 centres

Participants Adults (n = 91) with early ARDS (< 72 hours from diagnosis of ARDS). 61 (67%)
had sepsis or septic shock, and the primary author provided separate data for these
participants
Stratification according to cortisol response to 250 pg Synacthene into non-responders
(delta cortisol < 9 pg/dL) and responders (> 9 pg/dL)

Interventions e Methylprednisolone loading dose of 1 mg/kg followed by continuous infusion of
1 mg/kg/d from day 1 to day 14, then 0.5 mg/kg/d from day 15 to day 21, then 0.25
mg/kg/d from day 22 to day 25, then 0.125 mg/kg/d from day 26 to day 28. If
participant was extubated before day 14, he/she was advanced to day 15 of drug
therapy. Treatment was given intravenously until enteral intake was restored, then was
given as a single oral dose

e DPlacebo

Outcomes PRIMARY

e Improvement in Lung Injury Score (LIS) at day 7. This improvement was defined
as a reduction in score > 1 point and a day 7 score < 2 (if randomization LIS score <
3) or < 2.5 (if randomization LIS score < 3)

SECONDARY
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Meduri 2007  (Continued)

e Mechanical ventilation-free days

e Multiple organ dysfunction (MOD) score at study day 7

e 28-Day mortality

e ICU mortality

e Hospital mortality

e Length of stay in ICU and at hospital

e C-reactive protein levels at study day 7

o Safety
Notes If participant failed to improve on Lung Injury Score between day 7 and day 9, he/she

received open-label methylprednisolone at 2 mg/kg/d for unresolving ARDS
Study location: USA
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated randomization
bias) scheme
Allocation concealment (selection bias) Low risk Centralized randomization
Blinding (performance bias and detection Low risk Participants: yes
bias) Care-givers: yes
All outcomes Data collectors: yes
Outcome assessors: yes
Data analysts: yes

Incomplete outcome data (attrition bias)  Low risk Full access to data excluding any attrition
All outcomes bias
Selective reporting (reporting bias) High risk Study was stopped prematurely for efficacy
Other bias Low risk Full access to data including screening log

Meijvis 2011

Methods Randomized controlled trial with 2 parallel groups
2 centres

Participants Adults (n = 304) with confirmed community-acquired pneumonia who presented to
emergency departments

Interventions e Dexamethasone (5 mg intravenous bolus once a day for 4 days)

e Placebo (normal saline)
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Meijvis 2011  (Continued)

Outcomes PRIMARY
e Length of hospital stay
SECONDARY
e 30-Day mortality
e Hospital mortality
e Duration of treatment with intravenous antibiotics
e Admission to ICU
e Inflammation markers and health performance
e Lung function
o Safety
Notes Study location: The Netherlands
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated randomization
bias) scheme
Allocation concealment (selection bias) Low risk Randomization list kept confidential by the
pharmacist
Blinding (performance bias and detection Low risk Pharmacist: no
bias) Participants: yes
All outcomes Care-givers: yes
Data collectors: yes
Outcome assessors: yes
Data analysts: yes
Incomplete outcome data (attrition bias) ~ Low risk Lost to follow-up: none
All outcomes
Selective reporting (reporting bias) Low risk All outcomes reported in the study protocol
are reported in the final analysis
Other bias Low risk Full access to study protocol
Oppert 2005
Methods Randomized controlled trial with 2 parallel groups
1 centre
Participants Adults (n = 40) with vasopressor-dependent septic shock
Interventions e Hydrocortisone (50 mg of intravenous bolus followed by 0.18 mg/kg/h

continuous infusion up to cessation of vasopressor for > 1 hour, reduced to a dose of 0.
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Oppert 2005  (Continued)
02 mg/kg/h for 24 hours, then reduced by 0.02 mg/kg/h every day)
e Placebo
Outcomes PRIMARY
e Time to cessation of vasopressor support
SECONDARY
e Cytokine response
e 28-Day survival
e Sequential organ failure assessment (SOFA) score
Notes Study location: Germany
Riske of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated randomization
bias) scheme
Allocation concealment (selection bias) Low risk Randomization list kept confidential by the
pharmacist
Blinding (performance bias and detection Low risk Participants: yes
bias) Care-givers: yes
All outcomes Data collectors: yes
Outcome assessors: yes
Data analysts: yes
Incomplete outcome data (attrition bias) ~ Low risk 7 of 48 randomly assigned participants
All outcomes were not analysed: 5 in the corticosteroid
group and 2 in the placebo group. 4 of these
7 participants were lost to follow-up, and 3
died (all in the steroid group)
Selective reporting (reporting bias) Low risk Access to study protocol excluding report-
ing bias
Other bias Unclear risk Full access to data including screening log
Rezk 2013
Methods Randomized controlled trial (2:1 scheme) with 2 parallel groups
1 centre
Participants Adults (n = 27) with ARDS and hospital- or community-acquired pneumonia
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Rezk 2013  (Continued)
Interventions e Methylprednisolone (loading dose of 1 mg/kg followed by infusion of 1 mg/kg/d
from day 1 to day 14, 0.5 mg/kg/d from day 15 to day 21, 0.25 mg/kg/d from day 22
to day 25 and 0.125 mg/kg/d from day 26 to day 28
o Placebo (normal saline)
Outcomes PRIMARY
e Unclear
SECONDARY
e Short-term mortality (time point unclear)
e Time on mechanical ventilation
e Vital signs
o Safety
Notes Study location: Egypt
Risk of bias
Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk No explicit information in the manuscript

Allocation concealment (selection bias)

Unclear risk No explicit information in the manuscript

Blinding (performance bias and detection
bias)

All outcomes

Unclear risk No explicit information in the manuscript

Incomplete outcome data (attrition bias)
All outcomes

Low risk Lost to follow-up: none

Selective reporting (reporting bias)

Unclear risk No information

Other bias

Unclear risk No information

Rinaldi 2006

Methods Randomized controlled trial with 2 parallel groups
1 centre
Participants Adults (n = 40) with sepsis and not receiving vasopressor support
Interventions e Hydrocortisone (300 mg per day as a continuous infusion for 6 days, then tapered

off)
e Standard therapy
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Rinaldi 2006 (Continued)

Outcomes PRIMARY
e Not explicitly stated
SECONDARY
e Markers of inflammation: microalbuminuria-to-creatinine ratio, serum levels of
C-reactive protein and procalcitonin
e Duration of mechanical ventilation
e Sequential organ failure assessment (SOFA) score
e Length of stay
e Hospital mortality
Notes Study location: Italy
Riske of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated randomization list
bias)
Allocation concealment (selection bias) Low risk Sealed envelopes
Blinding (performance bias and detection High risk Participants: no

bias)

All outcomes

Care-givers: no

Data collectors: no
Outcome assessors: no
Data analysts: no

Incomplete outcome data (attrition bias)
All outcomes

Low risk 12 of 52 participants dropped out of the
study: 6 in the control group and 6 in the
corticosteroid group; contact with the pri-
mary author permitted completion of fol-
low-up for all 12 participants

Selective reporting (reporting bias)

Low risk Access to study protocol excluding any re-
porting bias

Other bias Low risk Full access to data including screening log
Sabry 2011
Methods Randomized controlled trial
3 centres
Participants Adults (n = 80) admitted to ICU with community-acquired pneumonia and sepsis
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Sabry 2011  (Continued)

Interventions

e Hydrocortisone (intravenous loading dose of 200 mg over 30 minutes, followed
by 300 mg in 500 mL 0.9% saline at a rate of 12.5 mg/h) for 7 days
o Placebo (normal saline)

Outcomes

PRIMARY

e Improvement in Pa0;:FiO; (PaO;:FiO; > 300 or > 100 increase from study
entry)
SECONDARY

e SOFA score by day 8

e Development of delayed septic shock

e ICU mortality rate

Notes

Study location: Egypt

Risk of bias

Bias

Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk No information in the manuscript

Allocation concealment (selection bias)

Unclear risk No information in the manuscript

Blinding (performance bias and detection
bias)

All outcomes

Unclear risk No information in the manuscript

Incomplete outcome data (attrition bias)
All outcomes

Low risk Lost to follow-up: none

Selective reporting (reporting bias)

Unclear risk No information in the manuscript

Other bias

Unclear risk No information in the manuscript

Schumer 1976

Methods Randomized controlled trial with 3 parallel groups

1 centre
Participants Adults (n = 172) with septic shock with positive blood culture
Interventions e Dexamethasone (3 mg/kg as a single intravenous bolus)

e Methylprednisolone (30 mg/kg as a single intravenous bolus)

e Placebo
Treatments might have been repeated once after 4 hours and had to be initiated at the
time of diagnosis
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Schumer 1976  (Continued)

Outcomes PRIMARY

e Hospital mortality

SECONDARY

e Complication rates
Notes Study location: USA
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection High risk Randomized card system
bias)
Allocation concealment (selection bias) High risk Unsealed envelopes
Blinding (performance bias and detection Unclear risk Participants: yes

bias)

All outcomes

Care-givers: unclear

Data collectors: unclear
Outcome assessors: unclear
Data analysts: unclear

Incomplete outcome data (attrition bias)  Low risk Lost to follow-up: none

All outcomes

Selective reporting (reporting bias) Unclear risk No access to study protocol
Other bias Unclear risk No data to exclude selection bias

Slusher 1996

Methods

Randomized controlled trial
2 centres

Participants

African children (n = 72; 1 to 16 years of age) with sepsis or septic shock

Interventions

e Dexamethasone (0.20 mg/kg every 8 hours for 2 days)
e Placebo
Treatments had to be initiated 5 to 10 minutes before first dose of antibiotic

Outcomes

PRIMARY
e Hospital mortality (unclear)
SECONDARY
e Haemodynamic stability at 48 hours
e Complications

Notes

Study location: USA, Kenya and Nigeria
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Slusher 1996  (Continued)

Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Unclear risk Not given

bias)

Allocation concealment (selection bias)

Unclear risk Unclear; not reported

Blinding (performance bias and detection Low risk Participants: yes

bias) Care-givers: yes

All outcomes Data collectors: yes
Outcome assessors: yes
Data analysts: yes

Incomplete outcome data (attrition bias) ~ Low risk Lost to follow-up: none

All outcomes

Selective reporting (reporting bias)

Unclear risk No access to study protocol

Other bias Unclear risk No data to exclude selection bias
Snijders 2010
Methods Randomized controlled trial with 2 parallel groups
1 centre
Participants Adults (n = 213) with severe community-acquired pneumonia
Interventions e Prednisolone (40 mg intravenous once per day for 7 days)
e Placebo
Outcomes PRIMARY
e Day 7 and day 30 rate of treatment failure, defined by persistence or progression
of all signs and symptoms that developed during acute disease episode after
randomization, or development of new pulmonary or extra-pulmonary respiratory
tract infection, or deterioration of chest radiography after randomization or death due
to pneumonia, or inability to complete the study due to adverse events
SECONDARY
e Time to clinical stability
o Length of hospital stay
e 30-Day mortality
e Inflammatory markers
o Safety
Notes Study location: The Netherlands
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Snijders 2010  (Continued)

Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated randomization
bias) scheme
Allocation concealment (selection bias) Low risk Randomization list kept confidential by the
pharmacist
Blinding (performance bias and detection Low risk Pharmacist: no
bias) Participants: yes
All outcomes Care-givers: yes
Data collectors: yes
Outcome assessors: yes
Data analysts: yes
Incomplete outcome data (attrition bias) ~ Low risk Lost to follow-up: none
All outcomes
Selective reporting (reporting bias) Low risk All outcomes reported in study protocol are

reported in final analysis

Other bias

Unclear risk

No access to full protocol

Sprung 1984

Methods

Randomized controlled trial with 3 parallel groups

2 centres

Participants

Adults (n = 59) with vasopressor-dependent septic shock

Interventions

No treatment
Placebo

Dexamethasone (6 mg/kg as a single intravenous 10 to 15-minute infusion)
Methylprednisolone (30 mg/kg as a single intravenous 10 to 15-minute infusion)

Treatments might have been repeated once after 4 hours if shock persisted and had to

be initiated at time of diagnosis

Outcomes

PRIMARY

e Hospital mortality

o Shock reversal

SECONDARY

e Complications of septic shock

o Safety

Notes

Study location: USA
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Sprung 1984  (Continued)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk Computer-generated randomization

bias) scheme

Allocation concealment (selection bias) High risk At 1 centre, not clear how randomization
list was kept confidential

Blinding (performance bias and detection High risk Participants: yes at 1 centre, no at the other

bias) Care-givers: yes at 1 centre, no at the other

All outcomes Data collectors: yes at 1 centre, no at the
other
Outcome assessors: yes at 1 centre, no at
the other
Data analysts: unclear
University of Miami Research Committee
did not allow study to be performed in a
double-blind manner, nor that participants
received placebo

Incomplete outcome data (attrition bias) ~ Low risk Lost to follow-up: none

All outcomes

Selective reporting (reporting bias) Unclear risk No access to study protocol
Other bias Unclear risk No data to exclude selection bias
Sprung 2008
Methods Randomized controlled trial with 2 parallel groups
52 centres
Participants Adults (n = 499) with septic shock
Interventions e Hydrocortisone (50 mg every 6 hours for 5 days, then 50 mg every 12 hours for 3
days, then 50 mg once a day for 3 days)
e DPlacebo
Outcomes PRIMARY
e 28-Day mortality in non-responders
SECONDARY

e 28-Day mortality in responders and in all participants
e ICU mortality rate

e Hospital mortality rate
e 1-Year mortality rate

o

Shock reversal
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Sprung 2008  (Continued)
e Organ system failure-free days
o Safety
Notes Study locations: Europe and Israel
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated randomization
bias) scheme
Allocation concealment (selection bias) Low risk Centralized randomization
Blinding (performance bias and detection Low risk Participants: yes
bias) Care-givers: yes
All outcomes Data collectors: yes
Outcome assessors: yes
Data analysts: yes
Incomplete outcome data (attrition bias) ~ High risk Lost to follow-up: none; 1 participant with-
All outcomes drew his consent
Data for serious adverse events reported for
only 466 of 499 participants, and analysis
of these outcomes was performed per-pro-
tocol, not by intent-to-treat
Selective reporting (reporting bias) Low risk Access to study protocol to confirm absence
of reporting bias
Other bias High risk Only 500 participants included; expected
sample size 800 participants
Tandan 2005
Methods Randomized controlled trial with 2 parallel groups
1 centre
Participants Adults (n = 28) with septic shock and adrenal insufficiency
Interventions e Hydrocortisone (stated low dose but actual dose and duration not reported)
e Placebo
Outcomes PRIMARY

e 28-Day mortality or survival to hospital discharge

SECONDARY

o Shock reversal

e Improvement in APACHE II score
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Tandan 2005 (Continued)
o Safety

Notes Study location: India

Riske of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk Computer-generated randomization
bias) scheme

Allocation concealment (selection bias) Low risk Randomization list kept confidential by the

local pharmacist
Blinding (performance bias and detection Low risk Participants: yes

bias)

All outcomes

Care-givers: yes

Data collectors: yes
Outcome assessors: yes
Data analysts: yes

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk Lost to follow-up: unknown

Selective reporting (reporting bias)

Unclear risk No access to study protocol

Other bias

Unclear risk No data to exclude selection bias

Torres 2015

Methods Randomized controlled trial with 2 parallel groups
3 centres

Participants Adults (n = 61) with both severe CAP and high inflammatory response, defined as levels
of C-reactive protein > 15 mg/dL on admission

Interventions e Methlyprednisolone (intravenous bolus of 0.5 mg/kg/12 h for 5 days started
within 36 hours of hospital admission)

o Placebo (normal saline)
Outcomes PRIMARY

e Rate of treatment failure, which includes early and/or late treatment failure. Early
treatment failure was defined as clinical deterioration within 72 hours of treatment, as
indicated by development of shock or need for invasive mechanical ventilation not
present at baseline, or death. Late treatment failure was defined as radiographic
progression (increase of > 50% of pulmonary infiltrates compared with baseline),
persistence of severe respiratory failure (PaO,/FiO; < 200, with respiratory rate > 30
1

min~" in non-intubated participants), development of shock or need for invasive

mechanical ventilation not present at baseline or death between 72 and 120 hours after
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Torres 2015  (Continued)

treatment initiation.
SECONDARY

e Time to clinical stability
Length of ICU and hospital stay
In-hospital mortality
Inflammatory markers
Safety

Notes Study location: Spain

Riske of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk Computer-generated randomization

bias) scheme

Allocation concealment (selection bias) Low risk Randomization list kept confidential by the
pharmacist

Blinding (performance bias and detection Low risk Participants: yes

bias)

All outcomes

Care-givers: yes

Data collectors: yes
Outcome assessors: yes
Data analysts: yes

Incomplete outcome data (attrition bias)  Low risk Lost to follow-up: none
All outcomes
Selective reporting (reporting bias) Low risk Access to full protocol and unpublished in-
formation
Other bias Low risk Access to full protocol and unpublished in-
formation
Valoor 2009
Methods Randomized controlled trial on 2 parallel groups
1 centre
Participants Children (n = 38; 2 months to 12 years of age) with septic shock unresponsive to fluid
therapy alone
Interventions e Hydrocortisone (intravenous dose of 5 mg/kg/d in 4 divided doses followed by

half the dose for a total duration of 7 days)
e Placebo (normal saline)
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Valoor 2009  (Continued)

Outcomes PRIMARY
e Time to shock reversal
SECONDARY
e Vasopressor doses
e Mortality (unclear time point)
o Safety
Notes Study location: India
Riske of bias
Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk No explicit information in the manuscript

Allocation concealment (selection bias)

Unclear risk No explicit information in the manuscript

Blinding (performance bias and detection High risk Open label

bias)

All outcomes

Incomplete outcome data (attrition bias)  Low risk Lost to follow-up: none

All outcomes

Selective reporting (reporting bias)

Unclear risk No information

Other bias

Unclear risk No information

VASSCSG 1987

Methods

Randomized controlled trial
10 centres

Participants

Adults (n = 223) with sepsis or septic shock (n = 100)

Interventions

e Methylprednisolone (30 mg/kg as a single intravenous 10 to 15-minute infusion,
followed by a constant infusion of 5 mg/kg/h for 9 hours)

e Placebo
Treatment had to be initiated within 2 hours

Outcomes

PRIMARY
e 14-Day mortality
SECONDARY

e Complications

Notes

Study location: USA
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VASSCSG 1987  (Continued)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk Computer-generated randomization scheme

bias)

Allocation concealment (selection bias) Low risk Centralized randomization

Blinding (performance bias and detection Low risk Participants: yes

bias) Care-givers: yes

All outcomes Data collectors: yes
Outcome assessors: yes
Data analysts: yes

Incomplete outcome data (attrition bias)  Low risk Lost to follow-up: none

All outcomes

Selective reporting (reporting bias)

Unclear risk

No access to study protocol

Other bias Unclear risk No data to exclude selection bias
Yildiz 2002
Methods Randomized controlled trial
1 centre
Participants Adults (n = 40) with sepsis (n = 14), severe sepsis (n = 17) and septic shock (n = 9)
Interventions e Prednisolone (2 intravenous boluses: 5 mg at 06:00 and 2.5 mg at 18:00 for 10
days)
e Placebo
Outcomes PRIMARY
e 28-Day mortality
SECONDARY
e Hospital mortality
o Safety
Notes Study location: Turkey
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated randomization scheme

bias)
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Yildiz 2002  (Continued)

Allocation concealment (selection bias) Low risk Randomization list kept confidential by the
pharmacist

Blinding (performance bias and detection Low risk Participants: yes

bias) Care-givers: yes

All outcomes Data collectors: yes
Outcome assessors: yes
Data analysts: yes

Incomplete outcome data (attrition bias)  Low risk Lost to follow-up: none

All outcomes

Selective reporting (reporting bias)

Unclear risk

No access to protocol

Other bias Unclear risk No data to exclude selection bias
Yildiz 2011
Methods Randomized controlled trial on 2 parallel groups
1 centre
Participants Adults (n = 55) with sepsis or septic shock
Interventions e Prednisolone (intravenous 3 times a day at 06:00 (10 mg), 14:00 (5 mg) and 22:
00 (5 mg) for 10 days)
o Placebo (normal saline)
Outcomes PRIMARY
e 28-Day mortality from all causes
SECONDARY
e Reversal of organ failure
e Length of stay
o Safety
Outcomes were also assessed in relation to adrenal insufficiency
Notes Study location: Turkey
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Computer-generated random numbers
bias) used
Allocation concealment (selection bias) Low risk Randomization list kept by the pharmacist
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Yildiz 2011  (Continued)

Blinding (performance bias and detection Low risk Pharmacist: no
bias) Participants: yes
All outcomes Care-givers: yes

Data collectors: yes
Outcome assessors: yes
Data analysts: yes

Incomplete outcome data (attrition bias) ~ Low risk Lost to follow-up: none
All outcomes

Selective reporting (reporting bias) Unclear risk No information
Other bias Unclear risk No information
Abbreviations:

APACHE II: Acute Physiology and Chronic Health Evaluation II
ARDS: acute respiratory distress syndrome.

CAP: community acquired pneumonia.

FiO,: fractional inspired oxygen.

ICU: intensive care unit.

LIS: Lung Injury Scale score.

MOD: multiple organ dysfunction.

PaO;: arterial oxygen tension.

SOFA: sequential organ failure assessment

Characteristics of excluded studies /[ordered by study ID]

Study Reason for exclusion
Cicarelli 2006 Mixed population of critically ill patients; separate data on septic shock not available
Hahn 1951 Patients with acute streptococcal infection

This trial investigated effects of hydrocortisone on fever, anti-streptolysin titers and onset of rheumatic fever. No

data are reported for analysis of the various outcomes considered in this systematic review

Hughes 1984 Only acute effects (within 1 hour) of methylprednisolone and/or naloxone on haemodynamic data were available;

no data for any of the outcomes considered in this systematic review were reported

Kaufman 2008 In this study, participants were randomly assigned to receive hydrocortisone or its placebo for 24 hours only.

Then, treatment with open-labelled hydrocortisone was given at physicians’ discretion. This study was aimed at

exploring effects of hydrocortisone on immune cell function

Klastersky 1971~ This study was not a randomized trial. Investigators did not describe how participants were allocated to experi-

mental treatment
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(Continued)

Lucas 1984 This study was not a randomized trial. Participants were allocated to experimental treatment according to their
hospital number
McKee 1983 Mixed population of critically ill patients; separate data on septic shock not available

Meduri 1998b

This trial included participants with late acute respiratory distress syndrome phase - not those with septic shock

Mikami 2007

This study included participants with community-acquired pneumonia and explicitly excluded patients with
sepsis, those needing admission to the intensive care unit and those requiring mechanical ventilation

Rogers 1970

Study published only as an abstract; no contact with study authors was possible; incomplete information on
primary and secondary outcomes

Thompson 1976

Study published only as an abstract; no contact with study authors was possible; incomplete information on
primary and secondary outcomes

Venet 2015

This study included severely burned patients without sepsis

Wagner 1955

This study was not a randomized trial. Participants were allocated to experimental treatment according to their
hospital numbers

Weigelt 1985

Mixed population of critically ill patients
Separate data on septic shock not available

Characteristics of ongoing studies /ordered by study ID]

Blum 2015

Trial name or title

STEP

Methods

Multi-centre. randomized, placebo-controlled, 2-parallel-group study

Participants

800 adult patients hospitalized with community-acquired pneumonia

Interventions

Prednisone 50 mg per day for 7 days
Placebo

Outcomes

PRIMARY
o Clinical stability
SECONDARY

All-cause mortality within 30 and 180 days post randomization

ICU admission and length of stay
Duration of antibiotic treatment
Disease activity scores

Adverse events
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Blum 2015  (Continued)

Starting date

December 2009

Contact information

Mirjam Christ-Crain; Mirjam.Christ@usb.ch

Notes

Gordon 2014a

Trial name or title

VANISH

Methods Multi-centre, factorial (2 x 2), randomized, double-blind, placebo-controlled trial
Participants 412 adult patients who require vasopressors for management of sepsis despite fluid resuscitation. In this trial,
hydrocortisone or its placebo will be initiated only when participants will require the maximum dose of
vasopressin or norepinephrine as defined in the protocol
Interventions e Vasopressin + hydrocortisone
e Vasopressin + placebo
e Noradrenaline + hydrocortisone
e Noradrenaline + placebo
Hydrocrotisone phosphate (50 mg, i.e. 0.5 mL) will be administered by intravenous injection 6-hourly for 5
days, then tapered to 0.5 mL every 12 hours for days 6 to 8, 0.5 mL every 24 hours for days 9 to 11, then
stopped
Placebo = 0.9% saline
Outcomes PRIMARY

e Difference in renal failure-free days (number of days alive and free of renal failure) between treatment
groups during the 28 days after randomization
SECONDARY

e Rates and duration of renal replacement therapy

e Length of renal failure in survivors and non-survivors

e 28-Day ICU and hospital mortality rates

e Organ failure-free days in the first 28 days, assessed using the Serial Organ Failure Assessment (SOFA)
score

e Organ support data assessed using standard National Health Service Healthcare Resource Groups

e Blood and urinary biomarkers of renal function and inflammation (for subsequent analyses)

Starting date

February 2013

Contact information

Anthony Gordon; anthony.gordon@imperial.ac.uk

Notes

EudraCT 2011-005363-24; ISRCTN20769191
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NCT00127985 2005

Trial name or title

6-Methylprednisolone for multiple organ dysfunction syndrome

Methods Randomized, double-blind, placebo-controlled 2-parallel-group study

Participants Adults with persistent multiple organ dysfunction

Interventions Intravenous administration of 6-methylprednisolone or placebo for 32 days
Loading dose of 160 mg followed by IV bolus q6 of 40 mg from day 1 to 14, 20 mg from day 15 to 21, 10
mg from day 22 to 28, 5 mg on days 29 and 30 and 2.5 mg on days 31 and 32

Outcomes PRIMARY

e 28-Day all-cause mortality

Starting date

01/08/2005

Contact information

Miguel Sanchez; miguelsanchez.areachip@wanadoo.es

Notes

This trial has been halted for low recruitment rate and lack of funding

NCT00368381 2008

Trial name or title

Hydrocortisone versus hydrocortisone plus fludrocortisone for treatment of adrenal insufficiency in sepsis

Methods Treatment, randomized, single-blind, placebo-controlled, parallel-assignment efficacy study

Participants Adults with sepsis and positive corticotropin test (basal cortisol < 34 pg/dL and delta cortisol < 9 pg/dL
Interventions Hydrocortisone vs hydrocortisone plus fludrocortisone

Outcomes 28-Day mortality

Starting date

September 2006

Contact information

Contact: John A. Bethea, PharmD
304-388-6260

audis.bethea@camc.org

Contact: Carol A. Morreale, PharmD
304-388-3767

carol.morreale@camc.org

Notes

This study has never started to recruit patients
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NCT00562835 2008

Trial name or title

Steroids in patients with early ARDS

Methods Randomized, double-blind, placebo-controlled, 2-parallel-group safety/efficacy study
Participants Adults with ARDS < 72 hours

Interventions Low-dose methylprednisolone vs placebo

Outcomes PRIMARY

e 28-Day all-cause mortality

Starting date

February 2008

Contact information

Massimo Antonelli; m.antonelli@rm.unicatt.it

Notes

This study has never started to recruit patients

NCT00625209 2008

Trial name or title

Activated protein C and corticosteroids for human septic shock (APROCCHS)

Methods Randomized, double-blind, placebo-controlled trial - 2 x 2 factorial design

Participants Adults with septic shock

Interventions e Placebo of hydrocortisone, placebo of fludrocortisone and placebo of activated protein C
e Hydrocortisone plus fludrocortisone and placebo of activated protein C
e Placebo of hydrocortisone, placebo of fludrocortisone and activated protein C
e Hydrocortisone plus fludrocortisone plus activated protein C

Outcomes 90-Day mortality

Starting date

April 2008

Contact information

Djillali Annane; telephone: 331 47 10 77 87; djillali.annane@rpc.aphp.f

Notes

NCT00670254 2008

Trial name or title

Hydrocortisone for prevention of septic shock

Methods Randomized, double-blind, placebo-controlled, 2-parallel-group efficacy study
Participants Sepsis
Interventions Hydrocortisone vs placebo
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NCT00670254 2008 (Continued)

Outcomes PRIMARY
e Proportion of participants with septic shock at day 14

Starting date 01/06/2008

Contact information  Didier Keh; didier.keh@charite.de

Notes
NCT00732277 2008

Trial name or title Evaluation of corticosteroid therapy in childhood severe sepsis: a randomized pilot study
Methods Randomized, open-label, uncontrolled, 2-parallel-group study

Participants Children with sepsis

Interventions Hydrocortisone

Outcomes PRIMARY

e 28-Day all-cause mortality
Starting date 01/04/2008

Contact information  Saul N Faust; s.faust@soton.ac.uk

Notes

Venkatesh 2013

Trial name or title ADRENAL

Methods Multi-centre, randomized, controlled, 2-parallel-group study

Participants 3800 ICU adults with septic shock

Interventions Hydrocortisone
Placebo

Outcomes PRIMARY
e 90-Day all-cause mortality
SECONDARY
e ICU and hospital mortality
Length of ICU stay
Shock reversal
Duration of mechanical ventilation

Quality of life at 6 months
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Venkatesh 2013  (Continued)

o Adverse events

Starting date February 2013

Contact information  Bala Venkatesh; Bala_Venkatesh@health.gld.gov.au

Notes
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DATA AND ANALYSES

Comparison 1. Steroids versus control

No. of No. of
Outcome or subgroup title studies participants Statistical method Effect size
1 28-Day all-cause mortality 27 3176 Risk Ratio (M-H, Random, 95% CI) 0.87 [0.76, 1.00]
2 All-cause mortality by subgroup 20 2570 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.86, 1.06]
based on mortality rate
2.1 Studies reporting 28-day 18 1966 Risk Ratio (M-H, Fixed, 95% CI) 0.90 [0.80, 1.00]
mortality
2.2 Studies reporting only 14- 2 604 Risk Ratio (M-H, Fixed, 95% CI) 1.21 [0.93, 1.59]
day mortality
3 28-Day all-cause mortality 20 Risk Ratio (M-H, Random, 95% CI) Subtotals only
by subgroups based on
methodological quality
3.1 Adequate generation of 19 2342 Risk Ratio (M-H, Random, 95% CI) 0.97 [0.86, 1.10]
allocation sequence
3.2 Adequate allocation 18 2283 Risk Ratio (M-H, Random, 95% CI) 0.96 [0.84, 1.09]
concealment
3.3 Blinded trials 18 2259 Risk Ratio (M-H, Random, 95% CI) 0.95 [0.84, 1.08]
4 28-Day all-cause mortality by 27 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
subgroups based on treatment
dose/duration
4.1 Long course of low-dose 22 2266 Risk Ratio (M-H, Fixed, 95% CI) 0.87 [0.78, 0.97]
corticosteroids
4.2 Short course of high-dose 5 910 Risk Ratio (M-H, Fixed, 95% CI) 0.96 [0.80, 1.16]
corticosteroids
5 28-Day all-cause mortality by 26 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
subgroups based on targeted
population
5.1 Sepsis 6 826 Risk Ratio (M-H, Fixed, 95% CI) 1.11 [0.91, 1.34]
5.2 Septic shock only 12 1444 Risk Ratio (M-H, Fixed, 95% CI) 0.88 [0.78, 0.99]
5.3 Sepsis and ARDS 114 Risk Ratio (M-H, Fixed, 95% CI) 0.46 [0.25, 0.85]
5.4 Sepsis and community- 763 Risk Ratio (M-H, Fixed, 95% CI) 0.62 [0.38, 1.02]
acquired pneumonia
6 28-Day mortality in participants 8 583 Risk Ratio (M-H, Random, 95% CI) 0.88 [0.76, 1.02]
with critical illness-related
corticosteroid insufficiency
7 Intensive care unit mortality 13 1463 Risk Ratio (M-H, Random, 95% CI) 0.82 [0.68, 1.00]
8 Hospital mortality 17 2014 Risk Ratio (M-H, Random, 95% CI) 0.85 [0.73, 0.98]
8.1 Long course of low-dose 14 1708 Risk Ratio (M-H, Random, 95% CI) 0.91 [0.82, 1.01]
corticosteroids
8.2 Short course of high-dose 3 306 Risk Ratio (M-H, Random, 95% CI) 0.72 [0.33, 1.60]
corticosteroids
9 Number of participants with 12 1561 Risk Ratio (M-H, Random, 95% CI) 1.31 [1.14, 1.51]

shock reversal at day 7
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9.1 Shock reversal at day 7 in
trials on long course of low-
dose corticosteroids

9.2 Shock reversal at day 7 in
trials on short course of high-
dose corticosteroids

10 Number of participants with
shock reversal at 28 days

11 SOFA score at day 7

12 Length of ICU stay for all
participants

13 Length of ICU stay for
survivors

14 Length of hospital stay for all
participants

15 Length of hospital stay for
survivors

16 Number of participants with
adverse events

16.1 Gastroduodenal bleeding

16.2 Superinfections

16.3 Hyperglycaemia

16.4 Hypernatraemia

16.5 Neuromuscular weakness

10

12

10

12

21

19
19
13
3
3

1258

303

1013

1132
1384

778

1802

710

2382

2567

2081
805
811

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Mean Difference (IV, Random, 95% CI)
Mean Difference (IV, Random, 95% CI)

Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Random, 95% CI)
Mean Difference (IV, Random, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

1.34 [1.22, 1.46]
1.07 [0.64, 1.79]

1.11 [1.02, 1.21]

-1.53 [-2.04, -1.03]
-1.68 [-3.27, -0.09]

-2.19 [-3.93, -0.46]
-0.97 [-2.55, 0.61]
-4.11 [-8.50, 0.28]
Subtotals only
1.24 [0.92, 1.67]
1.02 [0.87, 1.20]
1.26 [1.16, 1.37]

[ ]

[ ]

1.64 [1.28, 2.09
0.62 [0.21, 1.88
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Analysis I.1. Comparison | Steroids versus control, Outcome | 28-Day all-cause mortality.

Review: Corticosteroids for treating sepsis

Comparison: | Steroids versus control

Outcome: | 28-Day all-cause mortality
Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

HRandom®55% HRandom®s5%
n/N n/N Cl Cl
Schumer 1976 9/86 33/86 D 32% 0.27[0.14,053]
Sprung 1984 33/43 /16 N 65 % 1120077, 1.61]
VASSCSG 1987 23/112 24/111 T 4.6 % 095[057, 158]
Bone 1987 65/191 48/190 T 74 % 1.35[098, 1.84]
Luce 1988 22/38 20/37 -1 60 % 107072, 1.60]
Bollaert 1998 7122 12/19 - 30% 0.50[025, 1.02]
Briegel 1999 3/20 4/20 L 1.0 % 0.75[0.19,293]
Chawla 1999 6/23 10/21 - 24 % 0.55[024,125]
Annane 2002 82/151 91/149 ™ 9.6 % 0.89[0.73, 1.08]
Yildiz 2002 8/20 12/20 - 1 34 % 0.67[035,127]
Oppert 2005 10/23 11725 -1 34 % 099052, 1.88]
Confalonieri 2005 0/23 6/23 D 02 % 0.08 [0.00, 129 ]
Tandan 2005 I1/14 13/14 ™71 75 % 0.85[0.62, 1.15]
Rinaldi 2006 6/26 7126 - 1 1.9 % 0.86[033,221]
Meduri 2007 10/42 8/19 - T 27 % 0.57[027,120]
Cicarelli 2007 74 12/15 — 39 % 0.63[035, 1.12]
Sprung 2008 86/251 78/248 T 85 % .09 [085, 1.40]
Hu 2009 4/38 6/39 - 1 1.3% 0.68[021,223]
Snijders 2010 6/104 6/109 [ 1.4 % 1.05[035,3.15]
Arabi 201 | 33/39 26/36 ™ 87 % 1.17[092,149]
Meijvis 201 | 9/151 117153 R 22% 0.83[035, 194]
Sabry 2011 2/40 6/40 1 0.8 % 0.33[007, 1.55]
Yildiz 2011 16/27 15/28 - 5.1 % L1069, 1.76]
Liu 2012 3/12 6/14 D 1.3% 0.58[0.18, 1.85]
Rezk 2013 0/18 3/9 D 02 % 0.08[0.00, 1.32]
0.2 05 | 2 5
Favours corticosteroids Favours control
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(... Continued)

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
R M-
HRandom,95% HRandom 95%
n/N n/N Cl Cl
Gordon 2014 7131 7130 20% 097[0.39,243]
Torres 2015 6/59 9/61 1.8 % 0.69[026, 1.82]
Total (95% CI) 1618 1558 * 100.0 % 0.87 [ 0.76, 1.00 ]
Total events: 474 (Treatment), 495 (Control)
Heterogeneity: Tau? = 0.04; Chi? = 44.99, df = 26 (P = 0.01); I> =42%
Test for overall effect: Z = 1.95 (P = 0.052)
Test for subgroup differences: Not applicable
0.2 05 | 2 5
Favours corticosteroids Favours control

Analysis 1.2. Comparison | Steroids versus control, Outcome 2 All-cause mortality by subgroup based on

Review: Corticosteroids for treating sepsis

Comparison: | Steroids versus control

mortality rate.

Outcome: 2 All-cause mortality by subgroup based on mortality rate

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% Cl M-HFixed,95% ClI

| Studies reporting 28-day mortality
Sprung 1984 33/43 [1/16 . 39% 1120077, 1.61]
Bollaert 1998 7122 12/19 ] 3.1 % 050025, 1.02]
Chawla 1999 6/23 10/21 - 25% 0.55[024,125]
Briegel 1999 3/20 420 - 1 1.0 9% 0.75[0.19,293]
Annane 2002 82/151 91/149 = 22.1% 0.89[0.73, 1.08]
Yildiz 2002 8/20 1220 -1 29 % 0.67[035, 127]
Oppert 2005 10/23 11725 -1 25% 099052, 1.88]
Confalonieri 2005 0/23 6/23 D 1.6 % 0.08[0.00, 129]
Tandan 2005 [1/14 13/14 T 3.1 % 0.85[0.62, 1.15]
0.2 0.5 | 2 5
Favours corticosteroids Favours control

(Continued . . .)

Corticosteroids for treating sepsis (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

74



(... Continued)

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H,Fixed,95% Cl M-HFixed,95% Cl

Rinaldi 2006 6/26 7126 1.7 % 0.86[033,221]
Cicarelli 2007 714 12/15 B 28 % 0.63[035, 1.12]
Meduri 2007 10/42 8/19 - T 27 % 057[027,120]
Sprung 2008 86/251 781248 - 19.0 % 1.09 [ 085, 140 ]
Snijders 2010 6/104 6/109 1.4 9% 1.05[035,3.15]
Arabi 201 | 33/39 26/36 ™ 65% 1170092, 149]
Meijvis 201 | 9/151 I'1/153 - 1 26 % 0.83[035, 194]
Liu 2012 3/12 6/14 D 1.3% 0.58[0.18,1.85]
Gordon 2014 7131 7/30 1.7 % 0.97[0.39,243]

Subtotal (95% CI) 1009 957 - 82.5 % 0.90 [ 0.80, 1.00 ]

Total events: 327 (Treatment), 331 (Control)

Heterogeneity: Chi2 = 19.89, df = 17 (P = 0.28); I> =15%

Test for overall effect: Z = 1.90 (P = 0.057)

2 Studies reporting only |4-day mortality
Bone 1987 65/191 48/190 T 11.6% 1.35[098, 1.84]
VASSCSG 1987 23/112 247111 - 58 % 095[057, 1.58]

Subtotal (95% CI) 303 301 il 17.5 % 1.21 [ 0.93, 1.59 ]

Total events: 88 (Treatment), 72 (Control)

Heterogeneity: Chi2 = 132, df = | (P = 0.25); 1> =24%

Test for overall effect: Z = 1.43 (P = 0.15)

Total (95% CI) 1312 1258 . 100.0 % 0.95 [ 0.86, 1.06 ]

Total events: 415 (Treatment), 403 (Control)

Heterogeneity: Chi? = 24.31, df = 19 (P = 0.18); I> =22%

Test for overall effect: Z = 092 (P = 0.36)

Test for subgroup differences: Chi? = 4.21, df = | (P = 0.04), I> =76%

02 05 | 2 5

Favours corticosteroids Favours control

Corticosteroids for treating sepsis (Review)
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

75



Analysis 1.3. Comparison | Steroids versus control, Outcome 3 28-Day all-cause mortality by subgroups
based on methodological quality.

Review: Corticosteroids for treating sepsis
Comparison: | Steroids versus control

Outcome: 3 28-Day all-cause mortality by subgroups based on methodological quality

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
M- M-
H,Random,95% H,Random,95%
n/N n/N Cl Cl
| Adequate generation of allocation sequence
Arabi 201 | 33/39 26/36 ™ 132 % 1170092, 149]
Oppert 2005 10/23 11725 -1 32% 099052, 1.88]
Annane 2002 82/151 91/149 - 16.3 % 0.89[0.73, 1.08 ]
Rinaldi 2006 6/26 7126 1.6 % 0.86[033,221]
Snijders 2010 6/104 6/109 1.29% 1.05[035,3.15]
Chawla 1999 6/23 10/21 - 2.1 % 0.55[024, 125]
Gordon 2014 7131 7/30 - T 1.7 % 0.97[039,243]
Bollaert 1998 7122 12/19 27 % 0.50[025, 1.02]
Briegel 1999 3/20 420 0.8 % 0.75[0.19,293]
Sprung 2008 86/251 781248 T 12.8 % 1.09 [ 085, 140]
Cicarelli 2007 714 12/15 — 38% 0.63[035, 1.12]
VASSCSG 1987 23/112 247111 7 4.8 % 095[057, 158]
Yildiz 2002 8/20 12/20 — 32% 0.67[035,127]
Bone 1987 65/191 48/190 T 9.8 % 1.35[098, 1.84]
Sprung 1984 33/43 [1/16 - 79 % 1120077, 1.61]
Luce 1988 22/38 20/37 -1 69 % 107072, 1.60]
Yildiz 201 1 16/27 15/28 " 55% LI [069, 1.76]
Meduri 2007 10/42 8/19 - T 24 % 0.57[027,120]
Confalonieri 2005 0/23 6/23 D 02 % 0.08 [0.00, 129 ]
Subtotal (95% CI) 1200 1142 * 100.0 % 0.97 [ 0.86, 1.10 ]
Total events: 430 (Treatment), 408 (Control)
Heterogeneity: Tau? = 0.01; Chi? = 23.11,df = 18 (P = 0.19); I> =22%
Test for overall effect: Z = 043 (P = 0.66)
2 Adequate allocation concealment
Snijders 2010 6/104 6/109 [ 1.4 % 1.05[035,3.15]
02 05 | 2 5
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(... Continued)

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
H,Randor:I,EPS% H,Randor:l,%%

n/N n/N Cl Cl

Briegel 1999 3/20 420 - 1 09 % 0.75[0.19,293]
Bollaert 1998 7122 12/19 - 3.1 % 0.50[025, 1.02]
Rinaldi 2006 6/26 7126 S 1.8 % 0.86[033,221]
Arabi 201 | 33/39 26/36 ™ 14.0 % 1.17[092,149]
Gordon 2014 7131 7/30 - T 1.9 % 097[0.39,243]
Annane 2002 82/151 91/149 = 16.8 % 0.89[0.73, 1.08]
Chawla 1999 6/23 10/21 - 23 % 0.55[024, 125]
Oppert 2005 10/23 1125 -1 36% 099052, 1.88]
Sprung 2008 86/251 781248 T 135 % 1.09 [ 085, 1.40]
Luce 1988 22/38 20/37 -1 7.6 % 107072, 1.60]
VASSCSG 1987 23/112 247111 - 54 % 095[057, 158]
Cicarelli 2007 714 12/15 — 43 % 0.63[035, 1.12]
Yildiz 201 | 16/27 15/28 - 62 % LI [069, 1.76]
Bone 1987 65/191 48/190 ™ 10.6 % 1.35[098, 1.84]
Yildiz 2002 8/20 1220 -1 36% 0.67[035, 127]
Meduri 2007 10/42 8/19 - T 27 % 0.57[027,120]
Confalonieri 2005 0/23 6/23 D 02 % 0.08[0.00, 129]
Subtotal (95% CI) 1157 1126 - 100.0 % 0.96 [ 0.84, 1.09 |

Total events: 397 (Treatment), 397 (Control)

Heterogeneity: Tau? = 0.02; Chi? = 22,65, df = |7 (P = 0.16); I> =25%
Test for overall effect: Z = 0.64 (P = 0.52)

3 Blinded trials

Briegel 1999 3120 410 _— 08% 075[0.19,293 ]
Gordon 2014 7131 7/30 — 18% 0971039, 243 ]
Oppert 2005 10723 11125 —T 33% 099052, 1.88 ]
Snijders 2010 6/104 6/109 e 13% 1.05 [ 035, 3.15 ]
Chawla 1999 623 10721 —_— 22% 055[024, 125 ]
Annane 2002 82/151 91/149 - 154 % 089073, 1.08]
Bollaert 1998 72 12/19 — 29 % 050025, 1.02]
Arabi 201 | 33139 26136 ™ 128 % 117092, 149 ]
Sprung 2008 86/251 78/248 - 124 % 109 [ 0.85, 140 ]
Luce 1988 22138 20/37 — 70 % 1.07 [ 072, 1.60 ]
0.2 0.5 | 2 5
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(... Continued)

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
M- M-
HRandom,95% HRandom 95%
n/N n/N Cl
Bone 1987 65/191 48/190 - 9.7 % 1.35[098, 1.84]
VASSCSG 1987 23/112 247111 7 4.9 % 095[057, 158]
Yildiz 2002 8/20 1220 -1 33% 0.67[035, 127]
Tandan 2005 11/14 13/14 ™71 9.9 % 0.85[062, 1.15]
Yildiz 201 | 16/27 15/28 " 57 % LI [069, 1.76]
Cicarelli 2007 714 12/15 B 4.0 % 0.63[035, 1.12]
Meduri 2007 10/42 8/19 - T 25 % 0.57[027,120]
Confalonieri 2005 0/23 6/23 . 02 % 0.08 [0.00, 129 ]
Subtotal (95% CI) 1145 1114 - 100.0 % 0.95 [ 0.84, 1.08 |
Total events: 402 (Treatment), 403 (Control)
Heterogeneity: Tau? = 0.02; Chi? = 23.33,df = 17 (P = 0.14); > =27%
Test for overall effect: Z = 0.83 (P = 041)
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Analysis 1.4. Comparison | Steroids versus control, Outcome 4 28-Day all-cause mortality by subgroups

based on treatment dose/duration.
Review: Corticosteroids for treating sepsis
Comparison: | Steroids versus control

Outcome: 4 28-Day all-cause mortality by subgroups based on treatment dose/duration

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H,Fixed,95% Cl M-H Fixed,95% Cl
I Long course of low-dose corticosteroids
Bollaert 1998 7122 12/19 ] 35% 050025, 1.02]
Briegel 1999 3/20 420 L I.1'% 0.75[0.19,293]
Chawla 1999 6/23 10/21 - 1 29 % 055[024,125]
Yildiz 2002 8/20 12/20 - 1 33% 0.67[035,127]
Annane 2002 82/151 91/149 Rl 25.1 % 0.89[0.73, 1.08 ]
Oppert 2005 10/23 1125 -1 29 % 099052, 1.88]
Confalonieri 2005 0/23 6/23 D 1.8 % 0.08[0.00, 129]
Tandan 2005 [1/14 13/14 T 36% 0.85[0.62, 1.15]
Rinaldi 2006 6/26 7126 S 1.9 % 0.86[033,221]
Cicarelli 2007 714 12/15 — 32% 0.63[035, 1.12]
Meduri 2007 10742 8/19 - 30% 0.57[027,120]
Sprung 2008 86/251 781248 Nl 215% 1.09 [ 085, 1.40]
Hu 2009 4/38 6/39 L 1.6 % 0.68[021,223]
Snijders 2010 6/104 6/109 [ 1.6 % 1.05[035,3.15]
Arabi 201 | 33/39 26/36 ™ 74 % 1170092, 149]
Yildiz 201 | 16/27 15/28 - 4.0 % LI [069, 1.76]
Meijvis 201 | 9/151 117153 - 1 30% 0.83[035, 194]
Sabry 201 | 2/40 6/40 D 1.6 % 0.33[007, 1.55]
Liu 2012 3/12 6/14 D 1.5% 058[0.18, 1.85]
Rezk 2013 0/18 3/9 D 1.3% 0.08[0.00, 1.32]
Gordon 2014 7131 7/30 - T 1.9 % 0.97[039,243]
Torres 2015 6/59 9/61 7 24 % 0.69[026, 1.82]
Subtotal (95% CI) 1148 1118 * 100.0 % 0.87 [0.78, 0.97 ]
Total events: 322 (Treatment), 359 (Control)
Heterogeneity: Chi2 = 25.09, df = 21 (P = 0.24); I> =16%
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(... Continued)
Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% Cl M-H Fixed,95% ClI
Test for overall effect: Z =249 (P = 0.013)

2 Short course of high-dose corticosteroids

Schumer 1976 9/86 33/86 —— 233% 027[0.14,053]
Sprung 1984 33/43 /16 - 113 % 1120077, 161 ]
Bone 1987 65/191 48/190 —— 340 % 135[098, 1.84]
VASSCSG 1987 23/112 24/111 —— 17.0 % 095057, 1.58]
Luce 1988 22/38 2037 - 143 % 107 [072, 160 ]
Subtotal (95% CI) 470 440 - 100.0 % 0.96 [ 0.80, 1.16 ]

Total events: 152 (Treatment), 136 (Control)

Heterogeneity: Chi2 = 18.73, df = 4 (P = 0.00089); I> =79%

Test for overall effect: Z = 0.39 (P = 0.70)

Test for subgroup differences: Chi? = 0.86, df = | (P = 0.35), I> =0.0%
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Analysis 1.5. Comparison | Steroids versus control, Outcome 5 28-Day all-cause mortality by subgroups
based on targeted population.

Review: Corticosteroids for treating sepsis
Comparison: | Steroids versus control

Outcome:

5 28-Day all-cause mortality by subgroups based on targeted population

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H,Fixed,95% Cl M-HFixed,95% ClI
| Sepsis
Bone 1987 65/191 48/190 L 38.1 % 1.35[098, 1.84]
Luce 1988 22/38 20/37 - 16.1 % 107072, 1.60]
Rinaldi 2006 6/26 7126 B 55% 0.86[033,221]
VASSCSG 1987 23/112 247111 — 19.1 % 095[057, 1.58]
Yildiz 2002 8/20 12/20 1 9.5 % 0.67[035,127]
Yildiz 201 1 16/27 15/28 " 117 % LI [069, 1.76]
Subtotal (95% CI) 414 412 gl 100.0 % 1.11[0.91, 1.34 ]
Total events: 140 (Treatment), 126 (Control)
Heterogeneity: Chi? = 4.53, df = 5 (P = 0.48); 1> =0.0%
Test for overall effect: Z = 1.04 (P = 0.30)
2 Septic shock only
Annane 2002 82/151 91/149 - 295 % 0.89[0.73, 1.08]
Arabi 201 | 33/39 26/36 ™ 87 % 1170092, 149]
Bollaert 1998 7122 12/19 ] 42 % 0.50[025, 1.02]
Briegel 1999 3/20 420 T 1.3% 0.75[0.19,293]
Chawla 1999 6/23 10/21 T 34 % 055[024,125]
Gordon 2014 7131 7/30 23 % 0.97[0.39,243]
Hu 2009 4/38 6/39 L 1.9 % 0.68[021,223]
Oppert 2005 10/23 11725 -1 34 % 099052, 1.88]
Schumer 1976 9/86 33/86 - 10.6 % 027[0.14,053]
Sprung 1984 33/43 [1/16 N 52% 1120077, 1.61]
Sprung 2008 86/251 781248 - 253 % 1.09 [ 085, 140 ]
Tandan 2005 11/14 13/14 e 42 % 0.85[0.62, 1.15]
Subtotal (95% CI) 741 703 * 100.0 % 0.88 [ 0.78, 0.99 ]
Total events: 291 (Treatment), 302 (Control)
Heterogeneity: Chi2 = 2546, df = || (P = 001); I> =57%
0.2 0.5 | 2 5

Favours corticosteroids Favours control

(Continued . . .)

Corticosteroids for treating sepsis (Review)
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

81



(... Continued)

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H,Fixed,95% Cl M-HFixed,95% Cl
Test for overall effect: Z = 2.12 (P = 0.034)
3 Sepsis and ARDS
Liu 2012 3/12 6/14 = 262 % 058[0.18, 1.85]
Meduri 2007 10742 8/19 B 52.1% 0.57[027,120]
Rezk 2013 0/18 3/9 DE— 217 % 0.08[0.00, 1.32]
Subtotal (95% CI) 72 42 e 100.0 % 0.46 [ 0.25, 0.85 ]
Total events: |3 (Treatment), 17 (Control)
Heterogeneity: Chi2 = 1.97, df = 2 (P = 0.37); I> =0.0%
Test for overall effect: Z =249 (P = 0.013)
4 Sepsis and community-acquired pneumonia
Confalonieri 2005 0/23 6/23 7 17.0 % 0.08[0.00, 129]
Meijvis 201 | 9/151 I'1/153 B R 287 % 0.83[035, 194]
Sabry 201 | 2/40 6/40 D — — 157 % 0.33[007, 1.55]
Snijders 2010 6/104 6/109 o 154 % 1.05[035,3.15]
Torres 2015 6/59 9/61 = 232 % 0.69[026, 1.82]
Subtotal (95% CI) 377 386 — 100.0 % 0.62 [ 0.38, 1.02 ]
Total events: 23 (Treatment), 38 (Control)
Heterogeneity: Chi? = 4.08, df = 4 (P = 0.40); 1> =2%
Test for overall effect: Z = 1.88 (P = 0.061)
Test for subgroup differences: Chi? = 11.30, df = 3 (P = 0.01), I> =73%
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Analysis 1.6. Comparison | Steroids versus control, Outcome 6 28-Day mortality in participants with
critical illness-related corticosteroid insufficiency.

Review: Corticosteroids for treating sepsis
Comparison: | Steroids versus control

Outcome: 6 28-Day mortality in participants with critical illness-related corticosteroid insufficiency

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
R M-
H,Random,95% H,Random,95%
n/N n/N Cl Cl
Annane 2002 607114 73115 - 452% 083066, 1.04]
Bollaert 1998 3/8 6/9 7 22% 056021, 1.54]
Meduri 2007 5/10 3/6 - 22% 1.00[036,275]
Oppert 2005 5/12 6/14 D 27 % 0.97[0.39,240]
Sprung 2008 49/125 39/108 - 202 % 1090078, 1.51]
Tandan 2005 [1/14 13/14 — 233 % 0.85[0.62, 1.15]
Yildiz 2002 2/5 5/9 I 1.5 % 0.72[021,244]
Yildiz 2011 3/6 8/14 - T 26 % 0.88[0.35,220]
Total (95% CI) 294 289 * 100.0 % 0.88 [ 0.76, 1.02 ]
Total events: 138 (Treatment), 153 (Control)
Heterogeneity: Tau? = 0.0; Chi> =293, df = 7 (P = 0.89); I> =0.0%
Test for overall effect: Z = 1.69 (P = 0.091)
Test for subgroup differences: Not applicable
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Analysis 1.7. Comparison | Steroids versus control, Outcome 7 Intensive care unit mortality.
Review: Corticosteroids for treating sepsis
Comparison: | Steroids versus control

Outcome: 7 Intensive care unit mortality

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
M- M-
H,Random,95% H,Random,95%
n/N n/N Cl Cl
Annane 2002 90/151 101/149 - 273 % 0.88[0.74, 1.04]
Arabi 201 | 24/39 24/36 —— 16.6 % 092066, 1.30]
Bollaert 1998 8/22 12/19 T 69 % 0.58[0.30, 1.10]
Briegel 1999 420 6/20 27 % 0.67[022,201]
Chawla 1999 6/23 8/21 - 1 4.1% 0.68[028, 1.65]
Confalonieri 2005 0/23 7123 T 0.5 % 0.07[0.00, 1.10]
Gordon 2014 7131 8/30 4.1 % 0.85[0.35,204]
Hu 2009 4/38 6/39 24 % 0.68[021,223]
Meduri 2007 |1/42 10/19 - 67 % 0.50[026,097]
Rinaldi 2006 5126 6/26 - 1 30% 0.83[029,239]
Sabry 2011 2/40 6/40 7 1.5 % 0.33[007, 1.55]
Sprung 2008 102/251 89/247 ™ 236 % [.13[090, 141]
Torres 2015 1/42 6/46 T 0.8 % 0.18[0.02, 145]
Total (95% CI) 748 715 - 100.0 % 0.82 [ 0.68, 1.00 ]
Total events: 264 (Treatment), 289 (Control)
Heterogeneity: Tau? = 0.03; Chi? = 1721, df = 12 (P = 0.14); I> =30%
Test for overall effect: Z = 2.01 (P = 0.045)
Test for subgroup differences: Not applicable
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Analysis 1.8. Comparison | Steroids versus control, Outcome 8 Hospital mortality.
Review: Corticosteroids for treating sepsis
Comparison: | Steroids versus control

Outcome: 8 Hospital mortality

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
M- M-

H,Random,95% H,Random,95%
n/N n/N @] Cl

I Long course of low-dose corticosteroids

Annane 2002 95/151 103/149 = 148 % 0911077, 1071
Arabi 201 | 34/39 32136 - 146 % 0981083, 1.16]
Bollaert 1998 822 12/19 — 41% 0581030, 1.10]
Briegel 1999 510 6120 —_—T 19 % 083[0.30,229 ]
Chawla 1999 623 10121 — 28% 055[024, 125 ]
Confalonieri 2005 023 7123 e 03% 007000, 1.10]
Gordon 2014 8/31 9/30 —_— 29 % 086038, 193]
Meduri 2007 13/42 10719 — 44% 059032 1.09]
Meijvis 201 | 8/151 8/153 e M 22% 101 [039, 263 ]
Rinaldi 2006 6/26 7126 —_— 22% 086[033,221 ]
Sprung 2008 1117251 100/245 - 134 % 1.08 [ 0.88, 133 ]
Tandan 2005 /14 13/14 — 10.1 % 085[062 1.15]
Torres 2015 6/61 9/59 e 21% 0641024, 1701
Yildiz 2002 820 12120 — 41% 067035, 1271]
Subtotal (95% CI) 874 834 * 79.8 % 0.91[0.82,1.01]

Total events: 319 (Treatment), 338 (Control)
Heterogeneity: Tau? = 0.00; Chi? = 1422, df = I3 (P = 0.36); I> =9%
Test for overall effect: Z = 1.78 (P = 0.074)

2 Short course of high-dose corticosteroids

Luce 1988 22/38 20/37 - 78% 107 [0.72,1.60]
Schumer 1976 9/86 33/86 — 39% 027[0.14,053]
Sprung 1984 33/43 116 - 8.6 % 1L12[077, 161 ]
Subtotal (95% CI) 167 139 T— 20.2 % 0.72 [ 0.33, 1.60 ]

Total events: 64 (Treatment), 64 (Control)
Heterogeneity: Tau? = 043; Chi? = 17.90, df = 2 (P = 0.00013); I> =89%
Test for overall effect: Z = 0.80 (P = 0.42)
Total (95% CI) 1041 973 * 100.0 % 0.85[0.73, 0.98 ]
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(... Continued)

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
M- M-
H,Random,95% H,Random,95%
n/N n/N cl
Total events: 383 (Treatment), 402 (Control)
Heterogeneity: Tau? = 0.03; Chi? = 30.11, df = 16 (P = 0.02); I> =47%
Test for overall effect: Z = 2.17 (P = 0.030)
Test for subgroup differences: Chi? = 0.32, df = | (P = 0.57), I> =0.0%
0.2 0.5 | 2 5

Favours corticosteroids

Favours control

Analysis 1.9. Comparison | Steroids versus control, Outcome 9 Number of participants with shock reversal

at day 7.

Review: Corticosteroids for treating sepsis

Comparison: | Steroids versus control

Outcome: 9 Number of participants with shock reversal at day 7
Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

H,Randor:I,éS% H,Randor::l,:%%
n/N n/N Cl

| Shock reversal at day 7 in trials on long course of low-dose corticosteroids
Bollaert 1998 15/22 4/19 - 2.1 % 324[1.30,810]
Chawla 1999 16/23 921 T 4.6 % 1.62[092,285]
Briegel 1999 17120 12/20 T 7.3 % 142095,2.12]
Annane 2002 60/151 40/149 - 9.1 % 148 [ 1.06, 2.06 ]
Oppert 2005 14/18 16/23 I 8.1% 11120078, 1.61]
Sprung 2008 186/251 145/248 - 159 % 127 [ 112, 1.44]
Hu 2009 33/38 27139 ™ 1.8 % 125098, 1.60]
Arabi 201 | 24/39 14/36 e 58 % 1.58 098, 2.55]
Sabry 201 | 38/40 26/40 e 120 % 146 [ 115, 1.85]
Gordon 2014 19/31 13/30 T 55% 141 [086,232]

Subtotal (95% CI) 633 625 * 82.1 % 1.34 [ 1.22,1.46 ]
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(... Continued)

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
M- M-

HRandom,95% HRandom 95%
n/N n/N Cl Cl

Total events: 422 (Treatment), 306 (Control)
Heterogeneity: Tau? = 0.0; Chi> = 7.72, df =9 (P = 0.56); I> =0.0%
Test for overall effect: Z = 6.49 (P < 0.00001)

2 Shock reversal at day 7 in trials on short course of high-dose corticosteroids

Sprung 1984 25/43 6/16 [ — 34 % 1.55[0.78,3.06 ]
Bone 1987 85/130 83/114 - 14.5 % 090 [0.76, 1.06 ]
Subtotal (95% CI) 173 130 —— 17.9 % 1.07 [ 0.64, 1.79 ]

Total events: | 10 (Treatment), 89 (Control)

Heterogeneity: Tau? = 0.09; Chi? = 247, df = | (P = 0.12); I> =60%
Test for overall effect: Z = 0.26 (P = 0.80)

Total (95% CI) 806 755 h 100.0 % 1.31 [ 1.14, 1.51]
Total events: 532 (Treatment), 395 (Control)

Heterogeneity: Tau? = 0.03; Chi? = 2533,df= || (P =001); > =57%
Test for overall effect: Z = 3.81 (P = 0.00014)

Test for subgroup differences: Chi? = 0.69, df = | (P = 0.41), I> =0.0%
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Analysis 1.10. Comparison | Steroids versus control, Outcome 10 Number of participants with shock

reversal at 28 days.
Review: Corticosteroids for treating sepsis
Comparison: | Steroids versus control

Outcome: 10 Number of participants with shock reversal at 28 days

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
M- M-
H,Random,95% H,Random,95%
n/N n/N Cl Cl
Annane 2002 67/151 57/149 ™ 9.0% 1.16[0.88, 1.52]
Bollaert 1998 15/22 719 1 1.5 % 1.85[0.96, 356 ]
Briegel 1999 18/20 16/20 T 9.5 % 113086, 146 ]
Chawla 1999 17/23 10721 T 25% 1.550.93,2.58]
Gordon 2014 23/31 21/30 - 67 % 1.06 [0.78, 145 ]
Sprung 2008 200/251 183/248 H 702 % 108098, 1.19]
Tandan 2005 5/14 3/14 04 % 1.67 [ 049, 5.67 ]
Total (95% CI) 512 501 * 100.0 % 1.11 [ 1.02,1.21 ]
Total events: 345 (Treatment), 297 (Control)
Heterogeneity: Tau? = 0.0; Chi? = 526, df = 6 (P = 0.51); I> =0.0%
Test for overall effect: Z = 2.54 (P = 0.011)
Test for subgroup differences: Not applicable
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Analysis 1.11.

Review: Corticosteroids for treating sepsis

Comparison: | Steroids versus control

Outcome: || SOFA score at day 7

Comparison | Steroids versus control, Outcome |1 SOFA score at day 7.

Mean Mean
Study or subgroup Treatment Control Difference Weight Difference
N Mean(SD) N Mean(SD) [V.Random,95% ClI IVRandom,95% ClI
Annane 2002 151 7.5 (3) 149 9.5 (4) —= 20.7 % -2.00[-2.80,-1.20 ]
Arabi 201 | 39 1.7 (42) 36 12.3 (4.2) - 60 % -0.60 [-2.50, 1.30 ]
Cicarelli 2007 15 94 14 9 (5) 22% 00[-331,331]
Gordon 2014 31 62 (43) 30 6.5 (3.5) I 57 % -0.30 [ -2.26, 1.66 ]
Oppert 2005 23 6 (4) 25 8¢ T 44 % -2.00 [ -4.27,027 ]
Rinaldi 2006 20 I (4 20 24 37 % -1.00[-3.48, 1.48]
Sabry 2011 40 I (0.53) 40 3(09) = 369 % -200[-232,-1.68]
Sprung 2008 251 6.1 (44) 248 7.1 (4.8) = 205 % -1.00[-1.81,-0.19 ]
Total (95% CI) 570 562 - 100.0 % -1.53 [ -2.04, -1.03 ]
Heterogeneity: Tau? = 0.15; Chi? = 10.80, df = 7 (P = 0.15); 1> =35%
Test for overall effect: Z = 5.99 (P < 0.00001)
Test for subgroup differences: Not applicable
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Analysis 1.12. Comparison | Steroids versus control, Outcome 12 Length of ICU stay for all participants.
Review: Corticosteroids for treating sepsis
Comparison: | Steroids versus control

Outcome: 12 Length of ICU stay for all participants

Mean Mean
Study or subgroup Treatment Control Difference Weight Difference
N Mean(SD) N Mean(SD) IVRandom,95% ClI IVRandom,95% ClI
Briegel 1999 20 29 (16) 20 38 (24) 1.5% -9.00[-21.64, 3.64]
Meduri 2007 42 7 (14) 19 145 (21) 22 % <750 [-17.85,2.85]
Confalonieri 2005 23 72 (7.1) 23 142 (9.8) 79 % =700 [-11.95,-205]
Gordon 2014 31 143 (14.6) 30 195149 T 4.0 % -520[-1261,221]
Annane 2002 151 22 (24) 149 255(18) T 82% -350[-8.30, 1.30]
Chawla 1999 23 74 (62) 21 107 (7.6) - - 10.2 % -330[-742,082]
Rinaldi 2006 26 1921) 26 21 (19) 20 % -200[-12.89, 889 ]
Hu 2009 38 4.18 (2.86) 39 5.36 (2.48) — & 27.6 % -1.18[-238,002]
Torres 2015 42 82 (107) 46 7.7 (8.7) 10.3 % 0.50 [ -3.60, 4.60 ]
Arabi 201 | 39 10.5 (6.7) 36 9.7 (6.5) = 152 % 0.80[-2.19,379]
Sprung 2008 251 1931 248 18 (17) 94 % 1.00 [ -3.38,538]
Bollaert 1998 22 26 (24) 19 19 (18) 1.5% 7.00[-5.89, 19.89 ]
Total (95% CI) 708 676 — 100.0 % -1.68 [ -3.27,-0.09 ]
Heterogeneity: Tau? = 2.01; Chi? = 1603, df = || (P =0.14); > =31%
Test for overall effect: Z = 2.08 (P = 0.038)
Test for subgroup differences: Not applicable
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Analysis 1.13. Comparison | Steroids versus control, Outcome 13 Length of ICU stay for survivors.

Review: Corticosteroids for treating sepsis
Comparison: | Steroids versus control

Outcome: |3 Length of ICU stay for survivors

Mean Mean
Study or subgroup Treatment Control Difference Weight Difference
N Mean(SD) N Mean(SD) IVFixed,95% Cl IVFixed,95% Cl
Annane 2002 60 31 (30) 48 33 (25) 28 % -200[-12.38,838]
Arabi 201 | 39 9.2 (64) 36 9.6 (6) e E— 38.1% -040 [-321,241]
Bollaert 1998 14 29 (24) 8 36 (33) 04 % -7.00 [ -33.10, 19.10]
Briegel 1999 16 29 (16) 14 38 (24) 1.4 9% -9.00[-23.82,5.82]
Chawla 1999 17 6.8 (4.7) I3 1459 19.6 % -4.60 [ -851,-0.69 ]
Confalonieri 2005 23 72 (7.1) 16 145 (10.8) 82% <730 [-13.34,-1.26]
Meduri 2007 31 12 (13) 9 20 (19) 1.7 % -800[-21.23,523]
Rinaldi 2006 21 21 (16) 25 23 (16) 35% -200[-11.28,7.28]
Sprung 2008 149 187 (33.2) 158 205 (16.8) 85% -1.80[-7.74,4.14]
Torres 2015 41 84 (10.8) 40 82(92) 157 % 020 -4.17,457]
Total (95% CI) 411 367 — 100.0 % -2.19 [ -3.93, -0.46 ]
Heterogeneity: Chi? = 8.63, df = 9 (P = 0.47); 1> =0.0%
Test for overall effect: Z = 2.48 (P = 0.013)
Test for subgroup differences: Not applicable
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Analysis 1.14. Comparison | Steroids versus control, Outcome 14 Length of hospital stay for all participants.
Review: Corticosteroids for treating sepsis
Comparison: | Steroids versus control

Outcome: 14 Length of hospital stay for all participants

Mean Mean
Study or subgroup Treatment Control Difference Weight Difference
N Mean(SD) N Mean(SD) IVRandom,95% ClI IVRandom,95% ClI
Annane 2002 151 20 (21) 149 25 (22) 85 % -500[-9.87,-0.13 ]
Arabi 201 | 39 22 (134) 36 264 (23.6) 30% -440[-13.18,4.38 ]
Bollaert 1998 22 35(31) 19 24 (26) 0.8 % I1.00 [ -645,2845 ]
Chawla 1999 23 169 (13.3) 21 21 (14.5) 34 % -410[-12.354.15]
Confalonieri 2005 23 177 (9.9) 23 25 (16.8) T 36% =730 [-1527,0.67 ]
Gordon 2014 31 34 (32.8) 30 359 (25) I.1% -190 [-1651,1271]
Meduri 2007 42 13 (19) 19 20.5 (30) I.1% <750 [-22.16,7.16 ]
Meijvis 201 | 151 65(93) 153 7.5 (13.8) = 19.9 % -1.00 [-3.64, 1.64]
Snijders 2010 104 10 (12) 109 10.6 (12.8) = 150 % -0.60 [-3.93,273]
Sprung 2008 251 34 (41) 248 34 (37) 4.8 % 00[-685,685]
Torres 2015 60 14.5 (14.5) 58 14.9 (17.6) 63 % -040 [ -6.23,543]
Yildiz 2002 20 14 (3) 20 13 (1.5) = 323% 1.00 [ -047,247 ]
Total (95% CI) 917 885 — 100.0 % -0.97 [-2.55, 0.61 ]
Heterogeneity: Tau? = 1.45; Chi? = 14.08, df = || (P =023); > =22%
Test for overall effect: Z = 1.21 (P =0.23)
Test for subgroup differences: Not applicable
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Analysis 1.15. Comparison | Steroids versus control, Outcome |5 Length of hospital stay for survivors.

Review: Corticosteroids for treating sepsis
Comparison: | Steroids versus control

Outcome: |5 Length of hospital stay for survivors

Mean Mean
Study or subgroup Treatment Control Difference Weight Difference
N Mean(SD) N Mean(SD) IVRandom,95% Cl IVRandom,95% ClI
Annane 2002 55 60 (60) 46 48 (28) 5.1 % 12,00 [ -5.80, 29.80 ]
Arabi 201 | 39 272 (12.8) 36 433 (34) ¢ 9.5 % -16.10 [ 2791, -4.29 ]
Bollaert 1998 14 427 (242) 7 44 (36.7) 20% -1.30[-31.30,28.70]
Chawla 1999 17 119 (8.2) I 18.3 (10.4) T 16.5 % -640 [ -13.68,0.88 ]
Confalonieri 2005 23 177 (9.9) 16 294 (179) 122 % -11.70 [-21.36,-2.04 ]
Meduri 2007 29 22 (31) 9 41 (43) 20% -19.00 [ -49.27, 1127 ]
Sprung 2008 140 428 (452) 145 42.1 (39.2) 120 % 070 [-9.14, 10.54 ]
Torres 2015 54 154 (15) 49 16.3 (18.8) = 179 % -090 [-751,571]
Yildiz 2002 12 7(5) 8 8 (5) = 229 % -1.00 [ -5.47, 347 ]
Total (95% CI) 383 327 E— 100.0 % -4.11 [ -8.50, 0.28 ]
Heterogeneity: Tau? = 16.69; Chi? = 14.16, df = 8 (P = 0.08); I> =43%
Test for overall effect: Z = 1.83 (P = 0.067)
Test for subgroup differences: Not applicable
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Analysis 1.16. Comparison | Steroids versus control, Outcome 16 Number of participants with adverse

Review: Corticosteroids for treating sepsis

Comparison: | Steroids versus control

Outcome: 16 Number of participants with adverse events

events.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H,Fixed,95% Cl M-H Fixed,95% Cl

| Gastroduodenal bleeding
Annane 2002 [ 1/151 8/149 N B 124 % 1.36 [0.56,328]
Arabi 201 | 13/39 4/36 - 64 % 3.00[ 1.08,836]
Bollaert 1998 1122 3/19 D B 50% 029[003,254]
Briegel 1999 1120 0/20 0.8 % 300[0.13,6952]
Chawla 1999 123 2/21 32% 046 [ 0.04, 4.68 ]
Cicarelli 2007 0/14 0/15 Not estimable
Confalonieri 2005 1123 1123 1.5 % 1.00 [ 0.07, 15.04]
Gordon 2014 0/31 0/30 Not estimable
Luce 1988 18/37 16/36 — 250 % 109067, 1.79]
Meduri 2007 0/42 o/19 Not estimable
Meijvis 201 | 1/151 0/153 0.8 % 304[0.12,7403 ]
Sabry 2011 2/40 2/40 3.1 % 1.00[0.15 676]
Schumer 1976 2/86 1/86 1.5% 200[0.18,21.65]
Snijders 2010 0/104 0/109 Not estimable
Sprung 1984 1/43 2/16 D R 4.5 % 0.197002, 191]
Sprung 2008 15/234 13/232 —_— 202 % [.141056,235]
VASSCSG 1987 14/112 10/111 e 155 % 1.39[0.64,299]
Yildiz 2002 0/20 020 Not estimable
Yildiz 201 | 0/27 0/28 Not estimable

Subtotal (95% CI) 1219 1163 - 100.0 % 1.24 [ 0.92, 1.67 ]

Total events: 81 (Treatment), 62 (Control)

Heterogeneity: Chi2 = 9.09, df = 12 (P = 0.70); > =0.0%

Test for overall effect: Z = 1.44 (P = 0.15)

2 Superinfections
Annane 2002 22/151 271149 - 13.0 % 0.80[048, 1.35]
Arabi 201 | 22/39 18/36 ™ 9.0 % 1130074, 1.73]
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(... Continued)

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H,Fixed,95% Cl M-HFixed,95% Cl

Bollaert 1998 7122 9119 T 4.6 % 0.67[031, 146 ]
Bone 1987 29/152 30/147 I 14.6 % 093[059, 148]
Briegel 1999 10/20 7120 -1 33% 1143 [0.68,3.00 ]
Chawla 1999 4/23 5/21 I E— 25% 0.73[023,236]
Cicarelli 2007 0/14 1715 0.7 % 0.36[0.02,807]
Confalonieri 2005 0/23 4/23 D R 22 % 0.1 [001, 195]
Gordon 2014 0/31 0/30 Not estimable
Luce 1988 3/37 4/36 T 1.9 % 0.73[0.18,3.03]
Meijvis 201 | 71151 5/153 -1 24 % 142 [ 046,437 ]
Rezk 2013 0/18 3/9 D 22 % 0.08[0.00, 1.32]
Schumer 1976 0/86 0/86 Not estimable
Snijders 2010 10/104 4/109 T 1.9 % 262085 809 ]
Sprung 1984 11743 1716 -1 0.7 % 4.09[057,29.20]
Sprung 2008 78/234 61/232 il 293 % 1271096, 1.68]
VASSCSG 1987 16/112 23/111 - 111 % 069039, 123]
Yildiz 2002 0/20 1120 0.7 % 0.33[001,772]
Yildiz 201 | 0/27 0/28 Not estimable

Subtotal (95% CI) 1307 1260 > 100.0 % 1.02 [ 0.87,1.20 ]

Total events: 219 (Treatment), 203 (Control)

Heterogeneity: Chi2 = 1898, df = 15 (P = 0.21); I> =21%

Test for overall effect: Z =025 (P = 0.81)

3 Hyperglycaemia
Annane 2002 130/150 117149 - 312% .16 [ 1.04,130]
Arabi 201 | 3/39 2/36 0.6 % 1.38[025,7.82]
Bollaert 1998 3/22 3/19 09 % 0.86[020,379]
Luce 1988 16/37 15/36 I 43% 1041061, 1.77]
Meduri 2007 22/42 6/19 T 23 % .66 [ 081,341 ]
Meijvis 201 | 67/151 35/153 - 9.7 % 1.94[138,273]
Schumer 1976 1/86 1/86 03 % 1.00 [ 006, 1573 ]
Snijders 2010 5/104 2/109 -1 05 % 262[052, 1321]
Sprung 1984 4/43 0/16 02 % 3481020, 61.18]
Sprung 2008 186/234 161/232 L 453 % I.I5[ 103, 128]
VASSCSG 1987 23/111 17/112 Ea— 4.7 % 1.37[077,241]
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(... Continued)

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% Cl M-H Fixed,95% Cl
Yildiz 2002 0/20 0/20 Not estimable
Yildiz 2011 0127 0/28 Not estimable
Subtotal (95% CI) 1066 1015 * 100.0 % 1.26 [ 1.16, 1.37 ]
Total events: 460 (Treatment), 353 (Control)
Heterogeneity: Chi? = 13.60, df = 10 (P = 0.19); I> =26%
Test for overall effect: Z = 531 (P < 0.00001)
4 Hypernatraemia
Annane 2002 54/150 34/149 —a— 44.1 % 1.58 [ 1.10,2.27]
Briegel 1999 6/20 1120 ] 1.3 % 6.00[0.79,4542 ]
Sprung 2008 67234 42/232 L 54.6 % 158 [ 1.13,2.22]
Subtotal (95% CI) 404 401 - 100.0 % 1.64 [ 1.28, 2.09 ]
Total events: 127 (Treatment), 77 (Control)
Heterogeneity: Chi? = 1.66, df = 2 (P = 0.44); 1> =0.0%
Test for overall effect: Z = 3.92 (P = 0.000089)
5 Neuromuscular weakness
Annane 2002 2/150 0/149 63 % 4971024, 10259 ]
Confalonieri 2005 0/23 3/23 43.6 % 0.14[001,262]
Sprung 2008 2/234 4/232 — 50.1 % 0.50[0.09, 2.68]
Subtotal (95% CI) 407 404 T————— 100.0 % 0.62 [ 0.21, 1.88 ]
Total events: 4 (Treatment), 7 (Control)
Heterogeneity: Chi2 = 2.86, df = 2 (P = 0.24); I> =30%
Test for overall effect: Z = 0.84 (P = 0.40)
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APPENDICES

Appendix |. Search strategy for CENTRAL

#1 MeSH descriptor sepsis explode all trees

#2 MeSH descriptor shock, septic explode all trees

#3 steroid* in All Text

#4 (sepsis in All Text or (septic in All Text and shock in All Text) )
#5 (#1 or #2 or #3 or #4)

#6 MeSH descriptor Adrenal Cortex Hormones explode all trees
#7 corticosteroid* in All Text

#8 (#6 or #7)

#9 (#5 and #8)

Appendix 2. Search strategy for MEDLINE (Ovid SP)

. exp Sepsis/

. exp Shock, Septic/

. (sepsis or septic shock).mp.
.lor2or3

. exp Adrenal Cortex Hormones/
. (corticosteroid* or steroid*).mp.
.6or5

.4and7

. ((randomized controlled trial or controlled clinical trial).pt. or randomized.ab. or placebo.ab. or clinical trials as topic.sh. or ran-

O 00 N &\ Nl W N =

domly.ab. or trial.ti.) not (animals not (humans and animals)).sh.

10. 8 and 9

Appendix 3. Search strategy for EMBASE (Ovid SP)

1. exp sepsis/

2.exp septic shock/

3. (sepsis or septic shock).mp.

4.10r2or3

5.steroid/

6. (corticosteroid* or steroid*).ti,ab.

7.60r5

8. 4and 7

9. (placebo.sh. or controlled study.ab. or random*.ti,ab. or trial*.ti,ab.) not (animals not (humans and animals)).sh.

10. 8 and 9
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Appendix 4. Search strategy for LILACS (via BIREME)

(“sepsis” or “septic$” or “SEPSIS” or “SEPTIC” or “SEPTIC SHOCK/” or “SEPTICEMIA”) and (“corticosteroid$” or “steroid$” or
“glucocorticoid$” or “CORTICOSTEROID” or “GLUCOCORTICOIDS/” or “STEROID”)

Appendix 5. Unpublished data obtained from trial authors

Studies Type of unpublished data provided by primary authors

Annane 2002 Full access to individual data, details for randomization and blinding procedures
Annane 2010 Full access to individual data, details for randomization and blinding procedures
Arabi 2011 Additional information on mortality data, length of stay, shock reversal and SOFA

Bollaert 1998

Details for randomization and blinding procedures. Additional information on adrenal function (data according
to the review definition: delta cortisol < 9 pg/dL. Additional information for ICU length of stay and adverse
events

Briegel 1999

Details for randomization and blinding procedures. Additional information for ICU length of stay and adverse
events

Chawla 1999

Details for randomization and blinding procedures. Additional information for mortality, shock reversal and
ICU length of stay and adverse events

Cicarelli 2007 Details for randomization and blinding procedures.

Confalonieri 2005  Full access to individual data, details for randomization and blinding procedures

Gordon 2014 Additional information on shock reversal, length of stay, SOFA and adverse events

Keh 2003 Details for randomization and blinding procedures. Additional information for adverse events

Meduri 2007 Details for randomization and blinding procedures. Additional information for subgroup of patients with sepsis

or septic shock on mortality, ICU and hospital length of stay and adverse events

Meijvis 2011

Separate information for patients with sepsis.

Oppert 2005

Details for randomization and blinding procedures. Additional information for mortality, for outcome of patients
randomized and not analysed, shock reversal and adverse events

Rinaldi 2006

Details for randomization and blinding procedures. Additional information for mortality, for outcome of patients
randomized and not analysed and adverse events

Sprung 1984

Additional information for 28.

Sprung 2008

Full access to individual data, details for randomization and blinding procedures
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Tandan 2005

Details for randomization and blinding procedures.

Torres 2015

length of stay and adverse events

Details for randomization and blinding procedures. Additional information for mortality, shock reversal, SOFA,

Yildiz 2002

stay and adverse events

Details for randomization and blinding procedures. Additional information for mortality, hospital length of

Appendix 6. Methodological quality of studies

Adequate

Inadequate

Unclear

Generation of allocation se-
quence

Annane 2002; Bollaert 1998;
Bone 1987; Briegel 1999;
Chawla 1999; Cicarelli 2007;
Confalonieri 2005; CSG 1963;
Keh 2003; Klastersky 1971;
Luce 1988; Oppert 2005;
Rinaldi 2006; Slusher 1996;
Sprung 1984;Sprung 2008;
VASSCSG 1987; Yildiz 2002

Lucas 1984; Schumer 1976;
Wagner 1955

Huh 2007; Mikami 2007;
Tandan 2005

Allocation concealment

Annane 2002; Bollaert 1998;
Bone 1987; Briegel 1999;

Chawla 1999; Cicarelli 2007;
Confalonieri 2005; CSG 1963;
Keh 2003; Klastersky 1971;

Luce 1988; Oppert 2005;

Rinaldi 2006; Slusher 1996;

Sprung 2008; VASSCSG 1987;
Yildiz 2002; Sprung 2008

Lucas 1984; Schumer 1976;
Sprung 1984; Wagner 1955

Huh 2007; Mikami 2007;
Tandan 2005

Blinding

Annane 2002; Bollaert 1998;
Bone 1987; Briegel 1999;

Chawla 1999; Cicarelli 2007;
Confalonieri 2005; Huh 2007;
Keh 2003; Klastersky 1971;

Luce 1988; Mikami 2007;

Oppert 2005; Rinaldi 2006;

Slusher 1996; Sprung 2008;

Tandan 2005; VASSCSG 1987;
Yildiz 2002;

CSG 1963; Lucas 1984;
Mikami 2007; Schumer 1976;
Sprung 1984; Wagner 1955
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Lost to follow-up Annane 2002; Bollaert 1998; Bone 1987; Chawla 1999;
Briegel 1999; Keh 2003; Cicarelli 2007; Confalonieri
Lucas 1984f; Sprung 2008; 2005; CSG 1963; Huh 2007;
VASSCSG 1987 Klastersky 1971;Luce 1988;

Mikami 2007; Oppert 2005;
Rinaldi 2006; Schumer 1976;
Slusher 1996; Sprung 1984;
Tandan 2005

FEEDBACK

Feedback, 9 May 2013

Summary

Annane et al (Annane 2004; updated 2010) in their systematic review of corticosteroids for treating severe sepsis and septic shock
concluded “a long course of low dose corticosteroids reduced mortality without inducing major complications”. This was based on a
subgroup analysis, as all doses/durations of corticosteroids for septic shock did not show a benefit in reduction of mortality.

Given that the two largest trials (Annane 2002; Sprung 2008) have contradicting results, we were interested in looking into these trials.
Upon our review, we feel that the risk of bias assessment of these trials has not adequately addressed the issue of incomplete data. In
one trial (Sprung 2008), authors used a per-protocol analysis for their adverse event data; this was subsequently used in this review.
Neither the trial nor the review addresses the reasons for this approach. Using per-protocol data is not the preferred method of outcome
reporting, as it does not allow for preservation of randomization. Section 14.6.1

of the Cochrane Handbook for Systematic Reviews of Interventions specifically asks whether any patients were excluded in reporting of
adverse events. Participants who experience unfavourable adverse events may drop out of the trial. When the per-protocol analysis is
used, adverse effect results may therefore be biased in favour of steroids. The same scenario can be applied for the placebo group.

In another trial (Annane 2002), we are concerned with the way data were collected and reported for adverse events. Events are reported
as being “possibly related to steroids” and “possibly related to vasopressors”. We are unsure as to how one would know whether or
not an adverse event was related to the intervention. Neither the review nor the trial specifically outlines the adjusting procedure for
determining whether or not adverse events were due to steroids. Patients in the intensive care unit have many risk factors for infection
- GI bleeding, psychiatric disorders (e.g. delirium) - therefore it seems inappropriate to try to ascertain whether or not the event was
secondary to steroids.Section 14.6.1 of the Cochrane Handbook for Systematic Reviews of Interventions explains how clinical trials may
have a well-designed method for collecting data for the primary outcome, but in fact may take a retrospective, unblinded approach to
collecting adverse event data. An extension of the CONSORT statement for harm also echoes this, recommending that clinical trials
should explicitly define how data were defined, collected and analysed for adverse events (Ioannidis 2004).

As Annane 2002 was a randomized controlled trial, adverse events would not require assessment of whether or not they were thought
to be due to treatment. Randomization should take care of confounding factors and thus should be able to show differences (if they
truly exist) in adverse events. In our opinion, preference should be given to all-cause adverse events for this reason.

Lastly, we note that in Analysis 1.12 for ‘superinfections’, the percentage of participants with an event was used instead of the actual
number of events in Annane 2002. For example, the number of events for the treatment arm should have been 22’, but ‘15” was used
instead.

Given that these issues on selective reporting (Annane 2002) and incomplete data surrounding the two largest trials of this review
have not been adequately addressed in the risk of bias assessments, we find it difficult to conclude at this time on the safety profile of
corticosteroid use in treating severe sepsis and septic shock. We look forward to hearing your response to our concerns.

Corticosteroids for treating sepsis (Review) 100
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Reply

We are grateful to Dr. Harbin and colleagues for their comments on the Cochrane review on corticosteroids for severe sepsis and septic
shock.

Dr. Harbin and colleagues questioned the validity of the concluding statement of this review that corticotherapy was overall well
tolerated apart from inducing hyperglycaemia and hypernatraemia. Indeed, they pointed out that Sprung and colleagues reported
serious adverse events as per-protocol (Sprung 2008). In fact, in this trial, data for adverse events were reported only for 466 of 499
patients. We have now reported this information in the risk of bias table in a revised version of the review.

Annane and colleagues reported in their main paper the number of participants with any serious adverse events in each treatment arm
as per intent-to-treat analysis (Annane 2002). All serious adverse events that were observed were reported in each treatment group.
Serious adverse events were further classified according to what was known about complications of corticosteroids or catecholamines.
For example, all superinfections, gastroduodenal bleeding, metabolic disorders and psychiatric disorders that occurred at any time from
randomization were reported and further classified in a blinded manner as possibly related to corticosteroids. Thus, no manipulation
of data occurred. All serious adverse events were carefully scrutinized and reported in the manuscript, and additional unpublished
information (i.e. raw data) was available during preparation of the Cochrane review.

Finally, Dr. Harbin and colleagues highlighted an error in numbers used for Analysis 1.12 (number of participants with superinfection)
that is now corrected in the revised version of the review. This modification did not significantly alter the direction and the magnitude
of the pooled estimate for evaluation of serious adverse events. Thus, we believe that the conclusion statement - that treatment with
corticosteroids in patients with sepsis or septic shock is well tolerated apart from metabolic disorders - is still valid.

Contributors

Megan Harbin, BSc Pharm

Asal Taheri, BSc Pharm

Wan-Yun Polinna Tsai, BSc Pharm
Gloria Su, BSc Pharm

Aaron M Tejani, BSc Pharm, PharmD
Reply:

Djillali Annane

Feedback, 9 November 2017

Summary

1. Annane and colleagues in their systematic review (Annane 2015), concluded that “a long course of low dose corticosteroids
reduced mortality without inducing major complications”. This was based on a subgroup analysis, analysis of outcome 1.4, so we
pursued it in more detail. Upon our review, we found that the forest plot was created using a fixed-effect model. However, the largest
trial, Sprung 2008, only carried 21.5% weight while the second largest trial, Annane 2002, was allotted a larger weight of 25.1%.
Although we acknowledge that given the 2 was 16%, a fixed-effect model was chosen, we felt that because these two trials had
conflicting results, suggesting clinical heterogeneity, a random-effects model would have been a more conservative and more
appropriate approach in this scenario. We took the initiative to recreate the forest plot using a random-effects model, and found that
the treatment effect became not statistically significant. This suggests that perhaps the conclusion is not as simple as “a long course of
low dose corticosteroids reduced mortality” in severe sepsis and septic shock.

2. Furthermore, when we reviewed Summary of findings for the main comparison we noticed that footnote “a” states that the
quality of evidence for the primary outcome was downgraded due to “1 of the 2 largest trials [showing] no survival benefit”. We feel
that this sentence implies that the other largest trial did show a survival benefit, and may mislead the readers to believe so. However,
both of the largest trials (Annane 2002; Sprung 2008), did not show a statistical benefit for corticosteroids compared to placebo for
mortality benefits in sepsis and septic shock. One trial simply showed that there was no increase in mortality, but did not show that it
reduced mortality.

3. Based on our findings, we feel that there could be an alternative interpretation from the results of the trials. This review includes
studies from 1976 to 2015, and when we look at the studies published before 2002, the studies as a group show a more convincing
trend toward mortality benefit using corticosteroids. In contrast, the studies published after 2002 show more conflicting results. This
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may suggest that medical therapy today is better at treating sepsis and hence the benefits from corticosteroids are not as apparent as
previously thought. In contrast to the conclusion stated by the authors, we feel that this review presents inconclusive evidence for
mortality benefit with corticosteroid use in septic patients. We look forward to your response.

Reply

1. The planned analysis was to use fixed-effect model unless heterogeneity across trials could be suspected (i.e. squared I statistic >
30%). We weighted studies by the amount of information they contribute (more specifically, by the inverse variances of their effect
estimates). It is also important to highlight that CORTICUS (Sprung 2008), was terminated prematurely (after 500 participants were
recruited out of 800 expected) owing to low recruitment rate and loss of equipoise among investigators. Changing from fixed- to
random-effects models did not change the magnitude nor the direction of the point estimate (RR 0.87 versus 0.88) and slightly
enlarged the 95% CI 0.78 to 0.97 versus 0.77 to 1.00. Thus, we do not believe that the conclusion from our systematic review was
not supported by data analysis, and we disagree about over-interpreting the data.

2. In the trial Annane 2002, the primary outcome was time to death in non-responders to ACTH test (modified intent-to-treat
analysis). The primary analysis for the primary outcome in this trial found a statistically significant increase in survival time (P =
0.02). The CORTICUS trial (Sprung 2008), found no significant effect of treatment on mortality. Thus, we do not believe that we
have misinterpreted (misreported) findings from either the Annane 2002 or Sprung 2008 trials.

3. The pooled RR of dying from trials published before 2002 was 0.90 ( 95% CI 0.75 to 1.07). The pooled RR of dying from trials
published from 2002 was 0.89 (95% CI 0.80 to 1.00). Thus, there is no evidence that corticosteroids effect on mortality differed
between trials published before 2002 versus those published since 2002. Finally, new trials have been published since the last update
of this review including Keh et all JAMA 2016; Bi et al PLoSOne 2016; Menon et al Ped CCM 2017; El Nawawy The Pediatric
Infectious Disease Journal 2016 ; Qing-quan Lv et al Am ] Emerg Med 2017; Tongyoo et al. Critical Care 2016 ; and two large trials
are about to be published in the very next future (ADRENAI, n = 3800 and APROCCHSS, n = 1241). Thus, we believe that there is
a need to update the review in light of these newly published studies.

Contributors

Summary

Candy Lee, Karen Ng, Shalini Singla, Marco Yeung

Pharmacy Residents

Lower Mainland Pharmacy Services, Pharmacy Association, Vancouver, Canada

We do not have any affiliation with or involvement in any organisation with a financial interest in the subject matter of my comment
Reply

Dijillali Annane

Department of Critical Care, Hyperbaric Medicine and Home Respiratory Unit

Center for Neuromuscular Diseases; Raymond Poincaré Hospital (AP-HP)

Faculty of Health Sciences Simone Veil, University of Versailles SQY- University of Paris Saclay
104 Boulevard Raymond Poincaré

92380 Garches

France

WHAT’S NEW

Date Event Description

14 December 2018  Amended  Editorial team changed to Cochrane Emergency and Critical Care
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HISTORY

Protocol first published: Issue 3, 2000

Review first published: Issue 1, 2004

Date Event Description

4 May 2018 Feedback has been incorporated New Feedback and reply posted in review

18 January 2016 Amended Typo corrected in plain language summary. (It was
made clear that Corticosteroids decreased the number
of organs that were not functioning properly (organ
failure).)

30 November 2015  New search has been performed We reran the search from October 2009 to October
2014.

30 November 2015  New citation required and conclusions have changed The new search of the literature identified nine addi-

tional trials. Cumulated evidence from 33 trials con-
firmed the direction and the magnitude of the point
estimate for 28-day mortality with narrow confidence
interval limits. Thus, this update suggested moder-
ate evidence for reduced 28-day mortality with corti-
costeroids in the primary analysis. Evidence also con-
firmed significant interactions between the relative risk
of dying at 28 days and treatment modalities (lower
doses and longer durations yielded better chance of
survival) and patient case mix (patients with sep-
tic shock, sepsis-related acute respiratory distress syn-
drome (ARDS) or community-acquired pneumonia
may be more likely to benefit from corticosteroids)
We decided to change the title to “Corticosteroids for
treating sepsis” owing to recent changes in the defini-
tion of sepsis suggesting that the term “severe sepsis”
should be avoided

We made several changes to the Methods section.

e We now exclude quasi-randomized trials (three
trials).

e We changed the definition of “long course”
from at least five days to at least three days. Indeed,
and in keeping with the Surviving Sepsis Campaign
recommendation, corticosteroids are often given at
full dose until cessation of vasopressor therapy, which
may occur faster than five days.

e We changed the definition of “low dose” from
300 mg or less per day to 400 mg or less per day.
Indeed, no consensus has been reached on the
optimal dose, and several randomized controlled
trials testing so called “low dose” of corticosteroids
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used variable doses up to 400 mg.

e According to findings from meta-regression
analysis, changes in the definitions of “low dose” and
“long course” might have had a negative impact on
the observed survival benefit of corticosteroids.
Indeed, we found that both longer duration and
lower dose were associated with better survival rates.
Sensitivity analyses based on methodological quality
are now restricted to the primary outcome
We used random-effects models only in cases of het-
erogeneity with an I? statistic > 30%. Otherwise, we
used fixed-effect models.

14 August 2013 Feedback has been incorporated

Feedback was submitted and responded to. An error
in numbers used for Analysis 1.12 (number of partic-
ipants with superinfection) has been corrected in the
amended version of this review. 'Risk of bias’ tables and
’Summary of findings’ tables have also been amended

1 November 2010 ~ New search has been performed

e We reran the searches from August 2003 to
October 2009.

o We found 21 new trials. Of those 21 trials, we
included 9 randomized controlled trials in this
update (Annane 2010; Cicarelli 2007; Confalonieri
2005; Huh 2007; Meduri 2007; Oppert 2005;
Rinaldi 2006; Sprung 2008; Tandan 2005); we
excluded 3 (Cicarelli 2006; Kaufman 2008; Mikami
2007), and 9 are ongoing (IRSCTN99675218 2006;
NCT00127985 2005; NCT00149123 2005;
NCT00368381 2008; NCT00471640 2008;
NCT00562835 2008; NCT00625209
2008;NCT00670254 2008; NCT00732277 2008).

e Two (Oppert 2002; Sprung 2002) of the three
previous ongoing studies (Oppert 2002; Sprung
2002; Tayer 2002) have now been published and are
included in this update as Oppert 2005 and Sprung
2008. The third trial has never been completed, and
no data are available.

e In total, this updated review now describes 25
included studies, 10 excluded studies and 9 ongoing
studies.

e The additional included studies did not change
the conclusions of this review.

e W included 'Risk of bias’ and ’Summary of
findings’ tables in this updated version.

e Scarch strategies changed from Silver Platter to
Ovid.

e We changed the statistical analysis by using the
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random-effects model rather than the fixed-effect
model, and we included meta-regression analysis to
explore the influence of dose and duration of
corticosteroids on risk of death.

25 March 2008 Amended Converted to new review format.

CONTRIBUTIONS OF AUTHORS

Conceiving of the review: Djillali Annane (DA), Eric Bellissant (EB), Pierre Edouard Bollaert (PEB), Josef Briegel (JB), Didier Keh

(DK), Yizhak Kupfer (YK).

Co-ordinating the review: DA.

Undertaking manual searches: DA, PEB, JB, DK.

Screening search results: DA, PEB, JB, DK, YK.

Organizing retrieval of papers: DA, PEB, JB, DK, YK.

Screening retrieved papers against inclusion criteria: DA, PEB, JB, DK, YK.
Appraising the quality of papers: DA, PEB, JB, DK, YK.

Abstracting data from papers: DA.

Writing to authors of papers to ask for additional information: DA.

Providing additional data about papers: DA, PEB, JB, DK, YK.

Obtaining and screening data on unpublished studies: DA, PEB, JB, DK, YK.
Managing data for the review: DA, EB.

Entering data into Review Manager (RevMan 5): DA.

Analysing RevMan statistical data: DA, EB.

Performing other statistical analyses not using RevMan: not applicable.
Performing double entry of data (data entered by person one: DA; data entered by person two: Laurenne Authelet).
Interpreting data: DA, EB, PEB, ]JB, DK, YK.

Making statistical inferences: EB.

Writing the review: DA, EB, PEB, JB, DK, YK.

Securing funding for the review: DA.

Performing previous work that served as the foundation of the present study: DA, EB, PEB, JB, DK, YK.
Serving as guarantor for the review (one review author): DA.

Taking responsibility for reading and checking the review before submission: DA.

Corticosteroids for treating sepsis (Review)
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

105



DECLARATIONS OF INTEREST

The following review authors have been involved in randomized controlled trials of low-dose hydrocortisone that are included in this
updated review: Djillali Annane in Annane 2002 and Sprung 2008; Eric Bellissant in Annane 2002; Pierre Edouard Bollaert in Bollaert
1998 and Annane 2002; Josef Briegel in Briegel 1999 and Sprung 2008; Didier Keh in Keh 2003 and Sprung 2008; and Yizhak Kupfer
in Chawla 1999.

Djillali Annane is involved with one ongoing study: NCT00625209 2008. This trial is funded by the French Ministry of Social Affairs,
Health and Women Rights - Programme Hospitalier de Recherche Clinique PHRC-12-002-0030.

Didier Keh is involved with one ongoing study: NCT00670254 2008. This trial is funded by the Federal Ministry of Education and
Research (01KG0701).

Yizhak Kupfer: I am a member of the Pfizer/BMS speakers’ bureau for epixaban. This product has no relationship to steroids in sepsis.

SOURCES OF SUPPORT

Internal sources

e Hopital Raymond Poincaré, Garches, France.

External sources

e Department for International Development, UK.

NOTES

This review was initially developed within the Infectious Diseases Group and was transferred to the Anaesthesia Group in May 2005.

Updated 2010

The review was updated in 2010 (Annane 2004). At that time, Cochrane updates did not earn a new citation unless they had new
review authors or included a change to conclusions. Review authors found 21 new trials in 2010. Of those 21 trials, they included nine
randomized controlled trials in the 2010 update. Additional included studies did not change the conclusions of this review. Therefore
the 2010 update did not earn a new citation.

Updated 2015

The new search of the literature identified nine additional trials. Cumulated evidence from 33 trials confirmed the direction and
magnitude of the point estimate for 28-day mortality with narrow confidence interval limits. Thus, this update suggested moderate
evidence for reduced 28-day mortality with corticosteroids in the primary analysis and confirmed significant interactions between the
relative risk of dying at 28 days and treatment modalities used (lower doses and longer duration yielded better chance of survival) and
patient case mix included (patients with septic shock, sepsis-related ARDS or community-acquired pneumonia may be more likely to
benefit from corticosteroids).

We decided to change the title to “Corticosteroids for treating sepsis” owing to recent changes in the definition of sepsis, suggesting
that the term “severe sepsis” should be avoided.

Several changes were made to the Methods section.

e We now exclude quasi-randomized trials (three trials).

e We changed the definition of “long course” from at least five days to at least three days. Indeed, and in keeping with the
Surviving Sepsis Campaign recommendation, corticosteroids are often given at full dose until cessation of vasopressor therapy, which
may occur sooner than five days. We changed the definition of “low dose” from 300 mg or less per day to 400 mg or less per day.
Indeed, no consensus has been reached about what should be the optimal dose, and several RCTs testing so called “low-dose”
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corticosteroids used variable doses up to 400 mg. According to findings from the meta-regression analysis, changes in the definition of
“low dose” and “long course” might have had a negative impact on observed survival benefits of corticosteroids. Indeed, we found that
both longer duration and lower dose were associated with better survival rates.

e We have incorporated information on how we used the GRADE system and how we selected outcomes for the ’'Summary of

findings’ table.

Sensitivity analyses based on methodological quality are now restricted to the primary outcome.
Random-effects models are used only in cases of heterogeneity, with 12 statistic > 30%. Otherwise, fixed-effect models are used.

INDEX TERMS

Medical Subject Headings (MeSH)

Adrenal Cortex Hormones [adverse effects; *therapeutic use]; Critical Care; Dexamethasone; Fludrocortisone [therapeutic use]; Hy-
drocortisone [therapeutic use]; Methylprednisolone [therapeutic use]; Organ Dysfunction Scores; Prednisolone [therapeutic use]; Ran-
domized Controlled Trials as Topic; Sepsis [*drug therapy; mortality]; Shock, Septic [drug therapy; mortality]; Time Factors

MeSH check words

Adult; Child; Humans
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